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[57) ~ ABSTRACT

A visual stimulator for llght stimulation of a sub_]ect S

eyes to obtain electroretinogram, electro-oculogram or
~ visually evoked potential responses. The stimulator

comprises a light directing means for directing hght
from a light source into the subject’s eyes, attenuator
means for selectably attenuating the light source, photo-

~ detector means for producing an output signal represen-

tative of the radiant energy directed into the subject S

‘eyes and signal processing means for recetving and

processing the output signal to derive therefrom further
output signals representative of the radiometric or pho-
tometric characteristics of said radiant energy. A light
shutter comprising first and second shutter leaves af-
fixed to the shafts of first and second galvanometers is -

“also provided. The shutter leaves are positioned for

pivotal movement with the galvanometer shafts to at-

‘tenuate light passing between the shutter leaves. Atten-

uation control means is provided for selectably varying
current signals applied to the galvanometers to select-

ably pivot the shutter leaves, thereby selectably varying
the attenuation of light passmg between the shutter

leaves.
8 Claims, 11 Drawing Figures
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1
VISUAL STIMULATOR

FIELD OF THE INVENTION

This application pertains to visual stimulators for
stimulating the visual system to assist in recording its
electrophysiological responses. More particularly, the
application pertains to visual stimulator apparatus for
stimulating the visual system to obtain an electroretino-

‘gram, a visual evoked potential or an electro-oculo-

gram. In the art, the term “ERG/VEP/EOG stimula-
tor” 1s often used to describe such apparatus.

BACKGROUND OF THE INVENTION

- When light strikes the retina of the eye, the photore-
ceptors in the retina (rods and cones) respond by gener-
ating a small electrical potential. The aggregate electri-

4,618,230
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cal potential representmg the total response of all the

rods and cones in the retina to a brief flash of light is an
electroretinogram (hereinafter “ERG”). An ERG, to-
gether with other measurements, may be used by oph-

thalmologists to help determine the functional status of

the retina in various conditions including congenital and
acquired degenerative state, trauma (injuries), toxic
states and inflammatory diseases.

20

25

An ERG may be obtained by photostimulating the

retina. Conventionally, a light flash of several millisec-

onds duration is directed into the subject’s eyes. The

flash intensity must be variable so that the subject’s
'ERG response can be evaluated throughout a broad
range of adaptational states. In low ambient light condi-
tions (dark adaptation), it is mainly rod photoreceptors
which mediate visual sensation while in high ambient
light conditions (light adaptation) cones dominate visual
processes. Rod function 1s best evaluated with low in-
tensity light flashes while cones respond to flashes of

much greater intensity. Rod and cone function may also

be differentiated by varying the chromatic properties of
the light flash. Short wavelength (blue) stimuli are more
effective in generating rod responses while long wave-
length (red) stimuli produce mainly cone responses.
Thus it is preferable to make provision for both variable
flash intensity and chromatic filtering of the hght stimu-
lus.

The subject’s ERG response 1s measured with a spe-
‘c1al corneal contact electrode. Usually, the response is
displayed and stored for later analysis.

A typical prior art ERG stimulator comprises a re-
flective hemispherical bowl and a controllable light
source for illuminating the bowl. The subject is fitted
with the corneal contact electrode and then looks into
the bowl as it is illuminated. Conventionally, three sepa-
rate tests are used to measure the subject’s ERG re-
sponse. The first test 1s carried out in dark adaptation,
following a specific period of time in dark ambient

conditions sufficient to allow rod photoreceptor func-

tion to be fully expressed and well below the threshold
at which cone function may occur. The eyes are then
stimulated with a single light flash. The procedure is
repeated, increasing the flash intensity in approximately
three decibel (hereinafter “dB”’) steps over a maximum
range of about 36 dB until an ERG with a peak of at
least 50 microvolts (hereinafter “uV™) is recorded. The

50 uV threshold is an arbitrary criterion threshold for

photoreceptor response amplitudes broadly accepted
within the clinical community. Following determina-
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and cone responses in order to evaluate more complex
Interactions between both classes of photoreceptors.
The second test is carried out in light adaptation, fol-
lowing a brief period of time in ambient light of suffi-

clent intensity to suppress rod function. A 50 uV thresh-

old is determined for cone responses, followed by stim-
ulation at higher intensities to elicit other components
of the ERG having clinical significance in light adapta-
tion. The third test is also carried out in light adaptation,
a high intensity light source being presented at a stimu-
lus frequency of about 30 Hertz (in contrast to the first
and second tests in which the stimulus frequency is
generally about 1 Hertz.) This higher frequency stimu-
lus tests the temporal response characteristics of the
cone photoreceptors, thus yielding further information

regarding functional characteristics of these retlnal
cells.

The ERG represents the tran51ent electncal responses
of the retina to brief flashes of light, superimposed upon
a more or less constant electrical potential originating in
retinal structures, and present in both dark and light

“adaptation. The record of this “constant” or “standing”

electrical potential is called the electro-oculogram
(hereinafter “EOG”). Typically, the amplitude of this
potential is considerably less in dark adaptation than in
light adaptation. The ratio of the maximum amplitude in
light adaptation to the minimum amplitude in dark ad-
aptation is of clinical significance and is a useful adjunct
to mnterpretation of the ERG in some disorders, as well
as having importance in its own right in certain heredi-

‘tary retinal degenerative conditions.-

The “standing” potential referred to above is oOb-
tained by means of electrodes located horizontally adja-
cent to the eyes on the skin surface. Measurement of this

potential is facilitated by instructing the subject to alter-

nate his or her direction of gaze between two clearly
indicated fixation targets placed 15° horizontally eccen-
tric to a reference point directly in front of the subject.
Typically, the fixation targets are placed within the
same hemispherical bowl used in the ERG test. Thus
conditions exist such that the same apparatus used to
present the appropriate background ambient light for
the ERG can also be employed to present an appropri-
ate background light ambience for the EOG test. An
EOG test is commonly performed in three stages: a
brief initial phase in which the subject views the fixation
targets in light adaptive conditions, followed by a sec-

- ond phase in dark adaptation during which the subject

views the dimly illuminated fixation targets and con-
cluding with a third phase in hight adaptation (the sec-

~ond and third phases each being of about 15 minutes

33
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tion of the 50 uV threshold, responses are obtained at

higher stimulus intensities, sufficient to evoke mixed rod

duration).

The ampllfied electrical responses obtained during
the three phases of the EOG procedure are commonly
recorded on a slowly moving strip of chart paper over
the duration of the test. At the conclusion of the test, the
recording is analysed in order to determine those times
at which the minimum and maximum responses in dark
and hight have occurred, followed by calculatlon of the
ratio of those responses. | |

Photostimulation of the eye causes the generatlon of
electrical potentials from the visual system in addition

to the ERG and EOG. One other such potential, re-

corded from electrodes attached to the scalp of a test
subject, 1s called the visually evoked potential (hereinaf-

ter “VEP”) or visually evoked cortical potential
(“VECP”). The VEP is a very small electrical signal



4,618,230

3

and must be differentiated from other electrical activity
occurring on the surface of the scalp by computer as-
sisted signal processing procedures. An extremely wide
variety of visual stimuli can be employed to elicit a
VEP, one of the most commonly employed being a
diffuse flash of light presented at some chosen temporal
frequency within the field of vision. Stimulus frequen-
cies generally range between 0.5 and 60 Hertz. The
VEP largely reflects functional properties of the central
cone-rich portion of the retina as well as conduction
characteristics within the visual pathways leading to the
visual cortex of the brain. The principal clinical applica-
tion of the VEP relates to the evaluation of inflamma-
tory and degenerative abnormalities of the optic nerves
and posterior visual pathways.

Many problems have been encountered with prior art
visual stimulators. The greatest difficulties have related
to the source, regulation, measurement and calibration
of the light flash stimulus. Most prior art visual stimula-
tors have incorporated a stroboscopic gas discharge
tube. Such sources have phipiologically undesirable
spectral characteristics and stimulus energy is difficult
to regulate. Measurements of the photometric and ra-
diometric characteristics of the flash radiant energy are
also difficult to obtain with such sources and in most
cases flash energy declines to some extent as stimulus
frequency increases. Prior art visual stimulator appara-
tus is often cumbersome and inflexible, making it diffi-
cult to test subjects in both upright and supine positions.
Various difficulties have been encountered with respect
to obtaining a permanent record of the responses ob-
tained during ERG, EOG and VEP testing. The EOG
in particular has been cumbersome to deal with due to
the length of the continuously recorded potential.

The present invention addresses the foregoing disad-

vantages. For example, the light source of the preferred
embodiment is an incandescent filament with a continu-

ous spectrum having physiologically desirable chro-
matic characteristics. Energy emitted from this source
is very stable. Of particular importance is the means
used to interrupt the transmission of the light stimulus
from the source to the subject’s eyes and to regulate
stimulus duration together with stimulus intensity.
Means are provided which permit fine incremental con-
trol of stimulus intensity (attenuation) over a broad
range of energy levels. Measurement of stimulus energy
and luminance is provided and allows display of stimu-
lus parameters in absolute radiometric and photometric
units. The photodetector device employed in the pre-
ferred embodiment to obtain these measurements also
mediates the self-calibration system incorporated in the
preferred embodiment, ensuring a very high degree of
control over the light stimulus reaching the subject’s
eyes. Provision is made for altering the chromatic char-
acteristics of the stimulus in accordance with testing
requirements. Another feature incorporated in the pre-
ferred embodiment i1s a means by which the response
obtained from the ERG, EOG or VEP procedure can
be transferred to a hard-copy record together with a
reproduction of stimulus parameters on the same hard-
copy record. This is of special significance with respect
to the EOG response in that the results of a long record-
ing procedure can be condensed into a compact hard-
copy record.

The features described briefly above have been em-
bodied in a device of sufficiently small size and flexibil-

ity to allow testing of subjects in a wide range of ana-
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4

tomical positions, and sufficiently mobile to allow test-
ing 1n many clinical environments.

SUMMARY OF THE INVENTION

The invention is directed, in one aspect, to a visual
stimulator comprising light directing means for direct-
ing light from a light source into a subject’s eye; attenu-
ator means for selectably attenuating the light source;
photodetector means for producing a first output signal
representative of the radiant energy directed into the
subject’s eye; and, signal processing means for receiving
and processing the first output signal to derive there-
from further output signals representative of the photo-
metric or radiometric characteristics of said radiant
energy. Display means is provided for displaying the
radiometric or photometric characteristics so derived.

Preferably, the attenuator means comprises a light
shutter which 1s another aspect of the invention. The
light shutter comprises a first shutter leaf affixed to a
first galvanometer shaft, and a second shutter leaf af-
fixed to a second galvanometer shaft; the shutter leaves
being positioned for pivotal movement with the galva-
nometer shafts to attenuate light passing between the
shutter leaves. Control means are provided to enable
repeated application of selectably variable current sig-
nals to the galvanometers, thereby interrupting and
selectably attenuating the light source.

The first shutter leaf has a first notch and the second
shutter leaf has a second notch. The shutter leaves are
posttioned to define a light attenuating aperture be-
tween the notches. The shutter leaves and notches are
further positioned such that pivotal movment of the
shutter leaves varies the area of the aperture, thereby
varying the attenuation of light by the shutter. Advanta-
geously, the notches are shaped such that the aperture
area varies in proportion to the exponential of the dis-
tance between the shutter leaves.

Advantageously, the aforementioned “further output
signals” include a second output signal representative of
the hght flux at the photodetector means. The signal
processing means compares the second output signal
with a calibration signal representative of the light flux
expected from the light source and produces an out-of-
calibration alarm signal if the signals differ by more than
a pre-selected amount.

Other features of the invention are defined in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 1s a pictorial representation of a visual stimula-
tor according to the preferred embodiment.

FIGS. 2a and 2b are, respectively, pictorial represen-
tations of front and back panels for the control console
of the preferred embodiment.

FIG. 3 i1s a block/schematic diagram of the power
supply and optics control circuitry of the preferred
embodiment.

FIGS. 4a and 46 (hereinafter collectively called
“F1G. 4) together comprise an electronic circuit sche-
matic diagram for the control/display circuitry of the
preferred embodiment.

FIGS. 5a and 56 (hereinafter collectively called
“FIG. §”) together comprise an electronic circuit sche-
matic diagram for the microprocessor and related cir-
cuitry of the preferred embodiment.

FIG. 6 1s an exploded view of the light shutter used in
the preferred embodiment.



| <
- FIG. 7 is a pictorial representation of the optics por-
tion of the flashlight section of the preferred embodi-
ment. | o |
FI1G. 8 1s a pictorial representation of the optics por-
tion of the background light section of the preferred
embodiment.

DESCRIPTION OF THE PREFERRED
-~ EMBODIMENT

I. Introduction

FIG.1isa pictorial representation of a visual stimula-
tor according to the preferred embodiment. A reflec-
tively coated hemispherical stimulator bowl 10 is placed
in front of the subject. The subject is fitted with a cor-
neal contact electrode and is then positioned to look
~ into the stimulator bowl by resting his chin on chin rest
12 and by resting his head against head rest 14. Fibre

14,618,230
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optics cables 16 and 18 convey light for illuminating

bowl 10 from, respectively, a background light source
‘and a flashlight source (hereinafter described in greater
detail),_ Stimulator bowl 10 serves as a *“light directing

means” for directing light from the light sources into

the subject’s eyes. As an alternative lrght directing

means, the subject could be fitted with a pair of goggles
coupled to the fibre optlcs cables.

20

25

A control console 20 i1s provided to enable the selec-

- tion of various operating parameters. For example, the
operator may, with the aid of control console 20, con-
trol the timing, intensity, duration and chromatic filtra-
tion of light flashed in stimulator bowl 10, all as heri-
-nafter explained. Control console 20 includes a display
for providing the operator with a visual indication of

the background irradiance within bowl 10 and of the

- radiant energy of each hght flash which illuminates
bowl 10.

~ Optics box 22 contains a background light section for
providing a controlled background irradiance which is
conveyed to stimulator bowl 10 by fibre optics cable 16.
Optics box 22 also contains a flashlight section for pro-
ducing controlled flashes of light which are conveyed
- to stimulator bowl 10 by fibre optics cable 18. The
background light section provides controlled ambient
light conditions to produce the light adaptational states
required to elicit rod and/or cone response, as required..

The flashlight section provides the stimulating hght'

flashes necessary for ERG and VEP testing.

II. Background Light Section

FIG. 8 1s a pictorial representation of the optics por-
“tion of the background light section of the preferred
embodiment. The background light section includes a
vertically mounted light source and associated condens-
ing optics obtained from a Rollei P350A slide projector.
'The light source and condensing optics includes a light-
bulb 24 and assoctated reflector 26, converging lens 28,
infra-red filter 30 and a further converging lens 32. The
Rollei P350A cooling fan 34 and its drive motor 36 are
also used. Lightbulb 24 is a Philips FCS 24-volt, 150-
- watt lightbulb.

"Two aluminium disks 38 and 40 are rotatably
mounted above the light source. Disk 38 is fitted with
three chromatic filters 42, 44 and 46 (red, blue and
green) which are positioned in disk 38 for alignment
over the light source as disk 38 is manually rotated.
Daisk 38 also contains a hole having no filter which may

be positioned over the light source if “white” (i.e. no)

chromatic filtration is desired. Disk 40 is of the same
size and shape as disk 38 and is rotatably mounted im-
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mediately above disk 38. Disk 40 contains four aper-

tures 48, 50, 52 and 54 of preselected diameters which
are positioned in disk 40 for alignment over the light

‘source as disk 40 1s manually rotated. The edges of disks

38 and 40 protrude slightly from the side of optics box
22, as shown 1n FIG. 1, so that the operator may manu-
ally rotate the disks. Magnetic stops are provided on
disks 38 and 40 so that the operator may ‘“feel” when
the disks have been properly positioned with a filter or
aperture in allgnment over the light source.

A final converging lens 56 is mounted above dlsks 38

~and 40 at the base of fibre optics cable 16. When light-

bulb 24 is illuminated, light therefrom is focused on the
end of fibre optics cable 16, after filtration by which-
ever of the filters in disk 38 has been selected and after
attenuation by whlchever of the apertures in disk 40 has
been selected. |

III. Flashlight Section and Light Shutter

FIG. 7 is a pictorial representation of the optics por-
tion of the flashlight section of the preferred embodi-
ment. The flashlight section includes a vertically
mounted light source and associated condensing optics
obtained from a Rollei P350A slide projector identical
to that used in the background light section.

Three chromatic filters (red, blue and green) 58, 60
and 62 are pivotally mounted on electronically control-
lable rotary solenoids (filter movement means”) 64, 66
and 68 which may be electronically actuated as herein-

‘after described to pivot any of chromatic filters 58, 60

or 62 into or out of the light path between the flashlight
section light source and fibre optics cable 18. This pro-

vides the operator with remote control over the chro-

matic filtration of light flashed into stimulator bow!] 10.
The flashlight section also includes a light shutter 70
which 1s mounted above chromatic filters 58, 60 and 62
between a final converging lens 72 and fibre optics
cable 18. |
FI1G. 6 provides an exploded lllustratlon of lrght shut-
ter 70. A first shutter leaf 74 is rigidly affixed to the
meter movement shaft of a first galvanometer 76. A
second shutter leaf 78 is rigidly affixed to the meter
movement shaft of a second galvanometer 80. The shut-
ter leaves are positioned for pivotal movement with the
galvanometer shafts to variably attenuate light passing
between the shutter leaves, as hereinafter described. -
A first notch 82 is cut in first shutter leaf 74 and a

‘second notch 84 is cut in second shutter leaf 78. Shutter

leaves 74 and 78 are positioned to define a light attenu-
ating aperture between notches 82 and 84. Shutter
leaves 74 and 78 are affixed on the shafts of galvanome-
ters 76 and 80 such that, when no current passes
through the galvanometers, shutter leaves 74 and 78
overlap one another, “closing” the aperture and pre-
venting the passage of light between notches 82 and 84,

- thereby completely attenuating the flashlight source

60

65

and preventing light from that source from reaching
stimulator bowl 10 via fibre optics cable 18.

When current signals are applied to galvanometers ‘76' |

and 80, the galvanometer shafts pivot accordingly,
causing shutter leaves 74 and 78 to pivot away from one
another, “opening” the light attenuating aperture be-
tween notches 82 and 84, and enabling light to pass
there-through. The arc through which each of shutter
leaves 74 and 78 pivot, and the resultant aperture open--
ing, are directly proportional to the magnitude of the

current signals applied to galvanometers 76 and 80. The
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light flux allowed through the shutter is, in turn, di-
rectly proportional to the area of the aperture opening.
Notches 82 and 84 are shaped so that the area of the
light attenuating aperture between shutter leaves 74 and
78 varies in proportion to the exponential of the dis- 5
tance between shutter leaves 74 and 78. This is accom-
plished, 1n the preferred embodiment, by giving first
notch 82 a semi-circular shape and by giving second
notch 84 a shape which converges in exponential fash-
ion. The appropriate notch shape may be determined 10
experimentally by measuring the attenuation of light
passing through the aperture at various aperture set-
tings, and then varying the shape of the notches as
required so that the aperture area varies in proportion to
the exponential of the distance between the shutter 15
leaves. The effect 1s that, for relatively small aperture
openings, the area of the aperture is proportional to the
exponential of the distance shutter leaves 74 and 78
have moved apart. Accordingly, the attenuating effect
of shutter 70, in dB, is approximately directly propor- 20
tional to the degree of rotation of the galvanometer
shafts. This allows light shutter 70 not only to interrupt
the flashlight source (by selectably opening or closing
the light attenuating aperture), but also to attenuate the
flashlight source over a range of about zero to 40 dB. 25
(Galvanometers 76 and 80 are mounted beneath a 3th
inch thick aluminium plate 86 with the aid of screws 88.
Final converging lens 72 is mounted on the bottom of
plate 86 with the aid of lens holder 90. A 1/32nd inch
thick stainless steel plate 92 1s mounted on top of plate 30
86 to provide a wear-resistant surface for shutter leaves
74 and 78. Shutter leaves 74 and 78, which are cut from
a piece of 0.005 inch thick stainless steel, move across
the surface of plate 92. Another 1/32nd inch thick stain-
less steel plate 94 1s mounted immediately above shutter 35
leaves 74 and 78 with the aid of spacers 96. Plate 94
prevents vertical fluttering of shutter leaves 74 and 78.
A 1/16th inch thick aluminium plate 98 is placed on top
of plate 94 to provide a mounting surface for connector
100 to which fibre optics cable 18 is attached. Connec- 40
tor 100 also prevents stray light from bypassing the
shutter. Stove bolis 102 and associated nuts and washers
are used to hold plates 86, 92, 94 and 98 together.

IV. Stimulator Bowl

Stimulator bowl 10 is formed from plexiglass in a
hemispherical shape and coated on the inside with East-
man Kodak No. 6080 white reflectance coating. Stimu-
lator bowl 10 is supported from the rear on a yoke (not
shown) which is mounted on a ball and socket joint and 50
supported on a steel-pipe stand 104 manufactured by
Life-Tech Instruments, Inc. of Houston, Tex. Optics
box 22 1s mounted on pipe stand 104 as shown in FIG.

1.

Fibre optics cables 16 and 18 convey light, respec- 55
tively, from the background and flashlight sections of
optics box 22 to stimulator bowl 10. Fibre optics cables
16 and 18 are connected to the bottom of stimulator
bowl 10, adjacent to its outer rim, behind reflector 106
which disperses light evenly over the inner surface of 60
stimulator bowl 10. .

A solid-state photo diode 108 i1s mounted in stimula-
tor bowl 10 on top of head rest 14 to detect radiant
energy directed into the subject’s eyes from stimulator
bowl 10. Photo diode 108 produces a “first” output 65
signal representative of the radiant energy directed into

the subject’s eyes for processing as hereinafter de-
scribed.

45
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A pair of red light emitting diodes 110, 112 are
mounted in the back of stimulator bowl 10 to facilitate
EOG testing as hereinafter described.

V. Control Console

FIGS. 2a¢ and 2b are, respectively, pictorial represen-
tations of the front and back panels of control console
20.

The front control panel (FIG. 2a) is divided into two
separate segments labelled, respectively, “ERG” and
“EOG”. The segment labelled “ERG” may be used to
control the visual stimulator when ERG measurements
are to be obtained, or when flash VEP measurements
are desired. The segment labelled “EOG” may be used
to control the visual stimulator when EOG measure-
ments are to be obtained.

A switch 114 1s provided for turning background
lightbulb 24 on or off. Light emitting diode 116 is
turned on when switch 114 is 1in the “on” position to
provide the operator (who may be separated from the
subject and from stimulator bowl 10) with a visual indi-
cation of whether the background light source is on or

off.

A four-position switch 118 serves as a filter position
selection means with which the operator may select one
of chromatic filters §8, 60 or 62 for positioning in the
light path between the flashlight section light source
and fibre optics cable 18 to chromatically filter the
flashlight source. The four positions of switch 118 are
marked, respectively, “W”, “R”, “B” and “G” corre-
sponding, respectively, to white (i.e. no) chromatic
filtering, red chromatic filtering (i.e. rotary solenoid 64
1s actuated to position red chromatic filter 58 in the light
path between the flashlight section light source and
fibre optics cable 18), blue chromatic filtering and green
chromatic filtering.

A pair of thumb-wheel switches 120 are calibrated, as
hereinafter described, to control the attenuation of the
flashlight section light source by enabling the applica-
tion of selected current signals to galvanometers 76 and
80, thereby selectably pivoting shutter leaves 74 and 78
to vary the opening of the light attenuating aperture
between the leaves. Thumb-wheel switches 120 are
calibrated to read off directly in dB, with a dynamic
range of zero through 39 dB, corresponding to the 40
dB attenuation capability of light shutter 70.

A three-position switch 122 permits the operator to
trigger the flashlight section light source to produce
either a single flash sequence, or a repetition of flash
sequences 1n stimulator bowl 10. For example, by de-
pressing switch 122 from its normal “off” position to the
“single’ position, the operator will cause shutter leaves
74 and 78 to pivot apart (the degree of pivoting, and the
resultant attenuation being determined by the setting of
thumb-wheel switches 120), thus triggering a single
light flash, or flash pair, in stimulator bowl! 10. By hold-
ing switch 122 in the *“‘repeat” position, the operator
will cause shutter leaves 74 and 78 to repeatedly pivot
apart and close, thus repeatedly interrupting the flash-
light source and illuminating stimulator bowl 10 with a
series of flash sequences.

The rate at which flashes are produced when switch
122 1s in the “repeat” position may be controlled by the
operator with the aid of three-position switch 124.
When switch 124 is in the “low” position, the flash
repetition rate may be varied from 0.2 to 2 Hertz by
adjusting low frequency trimpot 146 (FIG. 2b). When
switch 124 1s in the “high” position, the flash repetition
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rate may be varied from 27 to 33 Hertz by adjusting
hugh frequency trimpot 148 (FIG. 2b). When switch
124 is in the “double” position, two flashes are sent in
rapid succession, the time interval between successive
flashes being determined by the setting of double inter-
val adjustment trimpot 136 (FIG. 2b) as hereinafter
described, and the frequency of the flash pair being
~dependant upon the setting of low frequency trimpot
146.
- When switch 124 is in either the “low” or “double”
positions, a pre-trigger pulse is output from pre-trigger
BNC jack 140 (FIG. 2b) immediately before the flash,
‘to allow triggering of a signal averaging device before
the flash occurs. The length of the pre-trigger pulse
may be adjusted with the aid of pre-trigger trimpot 138
(FIG. 2b) as hereinafter described. When switch 124 is
in the “high” position, no pre-trigger pulse is sent and
the flash length is held constant at 15 milliseconds.

The flashlight section lightbulb 1s controlled by elec-
tronic circuitry in order to minimize “on” time and
therefore prolong its life. This may sometimes cause a
slight delay of the flash. For example, when switch 122
is actuated for the first time after the apparatus has been
turned on, the actual triggering of the flashlight section
lightbulb 1s delayed for about one second to allow the
lightbulb to turn on and reach its full intensity. Subse-

10 1

10

length of the pre-trigger interval pulse (output at BNC
" jack 140) from 10 to 80 mllllseconds in 10 millisecond
steps.

Trimpots 134, 136 and 138 are enabled only when
calibration switch 142 is moved from its normal “off”
position into the “on” position. When calibration switch -
142 1s in the “on” position, calibration selection push-
button 144 may be depressed to select one of trimpots
134, 136 or 138. When calibration switch 142 is in the
on” position, one of the messages ‘““flash length”, “dou-

- ble interval” or “pre-trigger interval” will be displayed

15

20

23

‘quent actuation of switch 122 should cause immediate

illumination of stimulator bowl 10 by the flashlight

section lightbulb, unless more than about five minutes

have elapsed since the last flash. The flashlight section
lightbulb 1s automatically switched off if light shutter 70

1S not tnggered for at least five minutes to produce a
light flash in stimulator bowl 10.

A green light emitting diode 126 is ﬂlumlnated for the

full duration of each flash to give the operator a quick

visual check on the flash frequency and duration. Since

30

35

the operator is often separated from the subject and

from the stimulator bowl, this feature may be of consid-
erable assistance to the operator.

‘Display 128 includes a three-dlgit, seven-segment
light emitting diode display for providing the operator
with an indication of the photometric or radiometric
characteristics of the flash radiant energy, such as the
irradiance m stimulator bowl 10 (in microwatts per
- square centimeter) or the radiant or illuminance energy
of the last flash used to illuminate stimulator bow! 10 (in
microjoules per square centimeter). A two-position

45

switch 130 permits the operator to select the measure- -

ments appearing in display 128 by moving the switch
between the “flash energy” and “irradiance” positions.

Light emitting diode 132 is illuminated if the light
flux detected at photo diode 108 differs, for three suc-

>0

at the right side of display 128, depending upon which
of trimpots 134, 136 or 138 has been selected with the
aid of calibration selection push-button 144. For exam-
ple, the message “flash length” appears at the right side
of display 128 if calibration selection push-button 144
has been depressed to enable flash length adjustment
trimpot 134. In this case, the three-digit, seven-segment
portion of display 128 provides the operator with a
visual reading of the flash length in milliseconds. After
adjusting the flash length with the aid of trimpot 134,
the operator may then depress calibration selection.
push-button 144 once, to enable double interval adjust- -
ment trimpot 136. This will be indicated by the appear-
ance of the message “double interval” in the right por-
tion of display 128. In this case, the three-digit, seven-
segment portion of display 128 provides a readout, in
milliseconds, of the time interval between successive -
flash pairs. After adjusting that time interval with the
aid of trimpot 136, the operator may again depress cali-
bration selection push-button 144 once to enable pre-
trigger interval adjustment trimpot 138. This will be
indicated by the appearance of the message “pre-trigger
interval” in the right portion of display 128. In this case,
the three-digit, seven-segment portion of display 128

‘provides a readout, 1n milliseconds, of the length of the
pre-trigger pulse, which may be adjusted with the aid of

trimpot 138. |

Adjustment of any of trlmpots 134 136 or 138 when
calibration switch 142 is in the “off” position has no
effect, unless the visual stimulator apparatus is turned
off and on again. This is because the settings of trimpots
134, 136 and 138 are “read” only when the apparatus is
ﬁrst turned on, or when cahbratmn sw:tch 142 is 1n the

“on’’ position.

BNC jack 150 facilitates connection of external de-
vices for triggering the visual stimulator. Application of
a voltage potential of between 2.0 and 25 volts at jack
150 will trigger the flashlight section to produce a flash
or flash sequence in stimulator bowl 10 according to the

- settings of switches 120, 122 and 124. The voltage po-

cessive flashes, from the expected light flux, by more

than a pre-selected amount. Illumination of light emit-
ting diode 132 constitutes an alarm signal to notify the
operator that the apparatus is out of calibration. Light

55

emitting diode 132 is extinguished as soon as the light

flux detected at photo diode 108 does not deviate from

the expected light flux by more than a pre-selected

amount. o
Flash length adjustment trimpot 134 (FIG. 2b) facili-

60

tates adjustment of the flash length from 10 to 320 milli-

seconds in 10 millisecond steps. Double interval adjust-
ment trimpot 136 facilitates adjustment of the time inter-
val between flash pairs (produced when flash rate
switch 124 is in the “double” position) from 100 to 730

milliseconds in 10 millisecond steps. Pre-trigger interval

adjustment trimpot 138 facilitates adjustment of the

65

tential at jack 150 should not exceed 30 volts (to avoid
damaging voltage comparator 246 hereinafter de-
scribed) or a frequency of 50 Hertz (since this frequency
approaches the limit of the llght shutter S mechamcal

_capability).

A 0.1 volt signal is presented across the terminals of
BNC jack 152 whenever light shutter 70 is opened. This
signal may be recorded concurrently with the subject’s
ERG response, etc. for correlation of the are routinely

used in ERG testing to average and amplify ERG re-
sponse with the opening of the shutter. |

BNC jacks 153, 155 and 157 facilitate coupling the

- apparatus to the “X”, “Y” and “penlift” output ports of

a conventional signal averaging device. Such devices
are routinely used in ERG testing to average and am-
plify ERG response signals obtained from the subject

~and to drive an X-Y plotting device to produce a graph-
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ical representation of the ERG waveform by plotting
electrical potential (in uV) as the ordinate versus time
(1n milliseconds) as the abscissa. By continually moni-
toring the signal at “penlift” port 157, the software
which controls the operation of the preferred embodi-
ment may determine whether or not any plotting is to
be done. Analog data passed from the “X” and “Y”
ports of the signal averaging device is digitized by the
visual stimulator apparatus and then passed to a plotting
device (not shown) via RS232 connector 159. In addi-
tion to digitizing the data, the visual stimulator appara-
tus determines the maxima and minima of the ERG
waveform and flags them with special symbols on the
graph plotted on the plotting device. The visual stimu-
lator apparatus also calculates the difference (in uV)
between the maxima and minima of the ERG waveform
and prints that value on the graph plotted on the plot-
ting device. The time interval (in milliseconds) between
the start of the light flash and attainment of the ERG
waveform maximum 1s also calculated and printed on
the graph. The attenuation (in dB), flash length (in milli-
seconds), chromatic filtering (“white”, “red”, “blue” or
“green’’), calibration status (“OK” or “error”) and time
the flash occurred (with respect to the time axis of the
graph) are also annotated on the graph to produce a
one-page documentary summary of the ERG test.

The “EOG” segment of control console 20 provides
both “manual” and “automatic” modes of operation
which are selected with the aid of two-position switch
154. EOG electrodes attached to the subject are cou-
pled to the apparatus (through external amplifiers—not
shown) via BNC jacks 225 and 227 (FIG. 2b).

When switch 154 is in the “auto” position, EOG light
emitting diodes 110 and 112 in stimulator bow] 10 (FIG.
1) are alternately illuminated and extinguished over five
EOG cycles in each minute of a 30-minute time span.
The EOG cycle frequency may be varied from 0.2 to 2
Hertz by adjusting EOG rate trimpot 156 (FIG. 2b).
The first 15 minutes of the test is conducted in dark
adapted conditions (i.e. background lightbulb 24 is off)
and the last 15 minutes of the test is conducted in light
adapted conditions (i.e. background lightbulb 24 is on).

The apparatus determines, in respect of the previ-
ously mentioned five EOG cycles of each minute dur-
ing the 30-minute span, the amplitude of the EOG
waveform and stores that value in a memory device. At
the end of the 30-minute span a hard-copy record is
produced on an X-Y plotting device (not shown) via
RS232 connector 159 (FIG. 2b) by plotting the EOG
amplitude (in uV) as the ordinate versus time (in min-
utes) as the abscissa. Separate traces are plotted for each
eye, on the same sheet of paper. The apparatus also
determines and prints on the graph, the light rise ratio
which 1s the peak amplitude during light adaptation
divided by the Jowest amplitude during dark adapta-
tion. Accordingly, a compact record of each EOG
testing session is produced, which simplifies analysis of
the results.

A TTL compatible square wave signal synchronized
with the EOG light frequency is provided at the output
of BNC connector 158 (FIG. 2b) for use in monitoring
EOG tests.

When switch 154 1s in the “manual” position, EOG
light emitting diodes 110 and 112 are illuminated only if
either of push-buttons 160 or 162 are pressed. Pressing
“left” push-button 160 forces the left hand EOG light
emitting diode 110 “on” for as long as the button is held
down, regardiess of the position of switch 154. Simi-
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larly, pressing “‘right” push-button 162 forces the right
hand EOG hght emitting diode 112 “on” regardless of
the position of switch 154. Light emitting diodes 164
and 166 are illuminated, respectively, whenevér EOG
light emitting diodes 110 or 112 are illuminated, provid-
ing the operator with a visual indication of the status of
the EOG light emitting diodes 110 and 112.

V1. Attenuation Calibration of Light Shutter

Light shutter 70 is actuated, as hereinafter described,
with the aid of an eight bit digital to analog converter.
Accordingly, there are 256 possible settings for the area
of the light-attenuating aperture defined by notches 82
and 84 in shutter leaves 74 and 78. The numbers zero
through 255 may thus be used to represent the possible
range of aperture settings. To calibrate attenuation
thumb-wheel switches 120, one of the possible 256 shut-
ter settings must be selected to correspond to each of
the 40 possible positions of thumb-wheel switches 120
(thumb-wheel switches 120 may be positioned to show
the numbers from zero through 39 to define the 40
possible settings which correspond to the 40 dB attenua-
tion capability of light shutter 70). Calibration of
switches 120 should only be necessary if characteristics
of the flashlight section light pathway or of the elec-
tronic circuitry controlling light shutter 70 change. It
may, for example, be necessary to recalibrate switches
120 if stimulator bow! 10 is recoated, if shutter leaves 74
and 78 are removed from galvanometers 76 and 80, if
any electronic components in the shutter control cir-
cuitry or power supplies are changed, etc. Calibration
may be done manually or automatically.

Before entering the automatic calibration mode, the
operator should eliminate any sources of ambient light
in the vicinity of stimulator bowl 10 so that the calibra-
tion will be done at zero background irradiance. Auto-
matic calibration is initiated by moving calibration
switch 142 (FIG. 2b) to the “off” position and then
depressing and holding down calibration selection
push-button 144. The numerals “000” (representing the
initial attenuation setting of 0 dB corresponding to a
wide open aperture) are initially displayed in display
128 and the apparatus waits until the irradiance mea-
sured in stimulator bowl 10 equals zero. Once a zero
irradiance valué i1s detected the apparatus cycles
through the range of possible attenuation settings, trig-
gering light shutter 70 and measuring the resultant radi-
ant energy in stimulator bowl 10 at each attenuation
setting. The current attenuation setting, in dB, is dis-
played in display 128.

If the hight flux detected at photo diode 108 differs, at
a given aperture setting, and for three successive
flashes, by more than a pre-selected amount from the
expected light flux, then the apparatus searches for a
different aperture setting which will yield the expected
hight flux. When the appropriate aperture setting is
found, it is stored in a calibration table maintained in a
memory device. Automatic calibration continues in
similar fashion for each possible aperture setting, and
may be aborted at any time by releasing calibration
selection push-button 144. Automatic calibration facili-
tates stmple, rapid calibration of the apparatus to com-
pensate for changed optical conditions such as lightbulb
decay, movement of the various lenses, wear of shutter
leaves 74 and 78, etc.

The manual attenuation calibration mode facilitates

complete external calibration of the device. To enter

the manual attenuation calibration mode, calibration
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switch 142 must be toggled at a rate shightly less than 0.5
Hertz. Since normal operation of the visual stimulator
apparatus should never call for such toggling of switch
142, inadvertant entry of the manual attenuation cali-
bration mode should be avoided. Light emitting diode
132 remains “on” throughout the duration of the man-
ual attenuating calibration mode. |
- When the manual attenuation calibration mode is first
entered, and provided switch 130 is in the “irradiance”
posttion, the three-digit, seven-segment portion of dis-
play 128 provides a visual indication of the present
attenuation calibration setting for each position - of
thumb-wheel switches 120 (i.e. a number between zero
‘and 255 appears in display 128 for each of the 40 possi-
ble positions of thumb-wheel switches 120, depending
upon the previous calibration). Moving switch 130 to

4,618,230
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the “flash energy” position causes the radiant flash

energy of the last light flash which illuminated stimula-
tor bow! 10 to be displayed (in microjoules per square
‘centimeter) in the three-dlglt seven-segment portion of
display 128.

Calibration switch 142 and calibration selection push-
button 144 are used to change the calibration settings of
thumb-wheel switches 120.
moved to the “on” position if it is desired to change the
- attenuation calibration setting appearing in display 128
to a higher value, or to the “off” position if 1t 1s desired
to change the attenuation calibration setting to a lower
value. Calibration selection push-button 144 is then
pressed to change the attenuation calibration value. The
attentuation calibration value changes relatively slowly
for the first four counts and then relatively rapidly

thereafter. The operator may, at any time, use flash

trigger switch 122 to produce a light flash within stimu-
lator bowl 10 1n order to obtain a measurment of the

- radiant energy at the current attenuation calibration

setting. The manual attenuation calibration mode may

Calibration switch 142 is

20
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be exited at any time by again toggling calibration

switch 142 at a rate slightly less than 0.5 Hertz.
A typical manual attenuation calibration session may
~accordingly proceed as follows:

(1) Adjust the flash length to the des:red value with
the aid of flash length trimpot 134 since it cannot later

be changed during the manual attenuation calibration

sequence.

(2) Enter the manual attenuation calibration mode by
toggling calibration switch 142 at slightly less than 0.5
~ Hertz. | |

(3) Move display selector switch 130 to the “irradi-
ance’ position to cause attenuation calibration settings
to appear in the three-dlglt seven-segment portion of
~display 128.

(4) Adjust thumb-wheel switches 120 to the “00”

position (corresponding to an attenuation of 0 dB). The -

val_ue 255" should appear in display 128 corresponding
to a “wide open” setting of light shutter 70 and no
attenuation of the flashlight source.

(5) Produce a light flash in stimulator bowl 10 w:th |

the aid of flash trigger switch 122 and use an accurate
radiometer to measure the radiant energy of that flash.

(6) Adjust thumb-wheel switches 120 to the “01 dB”

45

- 14
(8) Exit the manual attenuation calibration mode by

toggling calibration switch 142 at a rate sllghtly less
than 0.5 Hertz. |

VII. Microprocessor and Electromc Circuitry

- An Intel 8085 mlcmprocessor (FIG. 5) controls the
electronic circuitry in the preferred embodiment. Three

Intel 2732 erasable programmable read only memories

(“EPROM™) 170, 172 and 173; two Intel 2142 static
random access memories (“RAM”) 174 and 176; and
two Xicor X2210 electronically erasable programmable
read only memories (“EEPROM”) 178 and 180 are used
to store the logic programs defining the sequence of
operations by which microprocessor 168 controls the
operation of the visual stimulator and to store volatile
data. (The aforementioned attenuation calibration tables
are maintained in EEPROMs 178 and 180. Accord-
ingly, since these devices are capable of retaining data
when power is switched off, the attenuation calibration
tables are not lost when the power is switched off.) A
National Semiconductor 741.S138 memory select inte-

grated circuit 182 facilitates selectlon of the memory
dewces as follows:

Address Range

(Hexadecimal) Memory Device |
0-OFFF - EPROM 170
1000-1FFF EPROM 172
2000-2FFF EPROM 173
3000-33FF RAMSs 174 and 176

4000-403F EEPROMSs 178 and 180

An Intel 8212 latch integrated circuit 184 is used to.
latch the lower eight bits of the address bus from data-
/address bus 186 at the falling edge of the address latch

enable (“ALE") mgnal produced by mlcmpmcessor
168.

Input/output (“1/0”) operatlons are handled by the
integrated circuitry depicted above data bus 186 in FIG.
5. 10k ohm pull-up resistors are used on all digital inputs.
to microprocessor 168. Such inputs are gated with the
aid of Motorola 741.S244 tri-state buffers 188, 190 and
192. The five eight-bit digital output ports “OUT1”,
“OuT2”, “OUT3”’, “OUTD1” and “OUTD2” are

~ latched by Intel 8155 integrated circuits 194 and 196.

50
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position and experiment with different attenuation cali-

bration settings until the radiant energy of flashes pro-
duced in stimulator bowl 10 is 1 dB down from the
radiant energy of flashes produced at the previous at-
tenuation setting of switches 120.

(7) Repeat step 6 by advancing switches 120 through
all 40 possible settings.

65

A National Semiconductor ADCO0816 analog to digi-
tal converter 198 converts analog voltage signals in the
0 to 3.6 volt range into digital format. A 1N4729 zener

diode 200 defines the 0 to 3.6 volt input range of analog

to digital converter 198. This ensures maximum quanti-
zation of the 0 to 3.5 volt output range of the National
Semiconductor LM324 operational amplifiers hereinaf-
ter described. The analog output is accomplished by a
National Semiconductor DACO0808 digital to analog
converter 202 which is driven by one of the output
ports. A second National Semiconductor 74LS138
shown at 204 in FIG. 5 is used to select the appropriate
I/0 chips during an 1/0 operation.

A National Semiconductor 74L.S138 integrated cir-
cuit shown at 206 in FIG. 5 is used to produce a 400
nanosecond pulse when an 1/0 “read” or “write” oc-
curs to locations A0 through A7 (which are dedicated
to the performace of 1/0 functions by the specific mi-
croprocessor used in the preferred embodiment). This
pulse enables storage and recall of data from the mem-
ory devices under software control.
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Microprocessor 168 is driven at three megahertz with
the aid of a 6.144 megahertz crystal 208. Clock pulses
for triggering analog to digital converter 198 are ob-
tained by dividing the “CLK” output signal produced
by microprocessor 168 by eight with the aid of National
Semiconductor 74L.S161 divider 210.

An Intel 8251A integrated circuit shown at 207 in
FIG. S produces serial data output which gates a N3906
switching transistor to produce an RS232 +35 volt out-
put signal for driving a plotter via RS232 connector
159. Clock signals for driving integrated circuit 207 are
obtained from integrated circuit divider 10 and further
divided by a National Semiconductor 74L.S90 divide-
by-10 integrated circuit 209.

Connector 212 couples microprocessor 168 and its
related circuitry to the control panel circuitry shown in
FIG. 4 with the aid of mating connector 214.

Most of the signals obtained from the switches on
control console 20 are fed directly to microprocessor
168 via the I/0 circuitry shown in FIG. 5 above data
base 186. An exception is the “left” and “right” EOG
push-buttons 160 and 162 which directly gate light
emitting diode pairs 110/164 and 112/166.

Calibration trimpots 134, 136 and 138 yield voltages
in the range of 0 to 3.6 volts which are fed, respectively,
into channels 3, 4 and 2 of analog to digital converter
198.

'The input signal at “penlift” BNC jack 159 is directly
input to channel 6 of analog to digital converter 198.
The input signals at “X” and “Y” BNC jacks 155 and
157 are input, respectively, to channels 7 and 8 of analog
to digital conveter 198 via National Semiconductor
L.M324 operational amplifiers 221 and 223. The output
signals produced by EOG electrodes applied to the
subject are 1nput, reSpectwely, (through external a

plifiers—not shown) via BNC jacks 225 and 227 (FIG.
2b6) to channels 9 and 10 of analog to digital converter

198.

Light emitting diodes 126 and 132 have a current
limiting 180 ohm resistor driven by a 2N3906 switching
transistor. The decimal points of the three-digit, seven-
segment digital display 128 are driven in the same man-
ner, with a discrete light emitting diode 222 used to
provide the fourth decimal point to facilitate the display
of numbers in the range “0.001” through “0.009”. Light
emitting diodes 224, 226 and 228 are placed behind
message cutouts positioned in the right hand portion of
display 128 to illuminate the messages during calibra-
tion with the aid of trimpots 134, 136 and 138. Three
General Instrument MANG6G780 seven-segment light
emitting diode displays are used in display 128. Three
Fairchild 9368 decoder-driver integrated circuits 232
with on-board current limiting are used to power light
emitting diodes 230.

BNC jack 152 1s coupled to a resistive potential di-
vider 234 used to obtain a 0.1 volt signal with the aid of
a 2N3906 drive transistor 236 which is software gated.
“Pre-trigger” BNC jack 140 is driven by a 2N3906 drive
iransistor which is also gated by software. A 1k ohm
current limiting resistor 240 is placed between drive
transistor 238 and BNC jack 140.

Only the “RST 6.5” and “RST 7.5 interrupts of
microprocessor 168 are used. The two clock signals for
the RST 6.5 interrupt are provided by a National Semi-
conductor 556 integrated circuit shown at 242 in FIG.
4. Low frequency trimpot 146 and high frequency trim-
pot 148 facilitate adjustment of the clock frequencies
provided by each half of integrated circuit 242. The
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clock output signals provided by each half of integrated
circuit 242 are gated through Motorola 4001 NOR gates
244 to facilitate software selection of the RST 6.5 inter-
rupt frequency. BNC jack 150 facilitates connection of
an external device to trigger the RST 6.5 interrupt and
consequently the flashes produced in stimulator bowl
10. The signal from BNC jack 150 is fed into a National
Semiconductor LM339 voltage comparator integrated
circuit 246 having a threshold of 2.5 volts determined
by a resistor divider. Increasing the input voltage over
the 2.5-volt threshold causes the presentation of a fall-
ing edge to Motorola 4528 monostable multivibrator
248 which, 1n turn, produces a controlled pulse of about
10 milliseconds duration. The two clock signals pro-
duced by the two halves of integrated circuit 242 and
the pulse produced by monostable multivibrator 248 are
“OR’d” by a Motorola 4025 NOR gate 250 and a Mo-
torola 4049 integrated circuit inverter 252 for input to
the “RST 6.5” input terminal of microprocessor 168.
The RST 7.5 interrupt is clocked every minute by the
“CLK” signal produced by microprocessor 168 which
1s in turn subdivided by two software controlled Intel
8155 timers 194, 196 before presentation to the “RST
7.5” interrupt terminal of microprocessor 168.

The frequency of EOG lights 110 and 112 is deter-
mined by a National Semiconductor 555 integrated
circuit configured as an astable multivibrator, shown at
254 1n FIG. 4. The EOG frequency may be adjusted
from 0.4 to 4 Hertz with the aid of trimpot 156. This
frequency 1s divided by two by Motorola 4013 “D”
flip-flops 256. The complemented outputs of flip-flop
256 are software gated with the aid of a pair of Motor-
ola 4001 NOR gates 258. The outputs of NOR gates 258
are then “NOR’d” with the output signals produced by
EOG “left” and “right” push-buttons 160 and 162, thus
enabling the push-buttons to override the “automatic”
triggering of EOG lights 110 and 112. The “left” and
“right” signals then each gate 2N3906 transistors 260
which, respectively, switch light emitting diode pairs
110/164 and 112/166.

Current signals produced by photo diode 108 in stim-
ulator bowl 10 create a voltage potential across 10k
ohm resistor 262. The resultant voltage is low pass fil-
tered and amplified with the aid of an RCA 3140 inte-
grated circuit 264 which 1s configured as a voltage
follower. The resulting signal, which 1s representative
of the background irradiance in stimulator bowl 10, is
amplified by a National Semiconductor LM324 opera-
tional amplifier 266 and presented to channel 0 of ana-
log to digital converter 198. The voltage potential ob-
tained from voltage follower 264 is also used as the
reference level for a second RCA 3140 integrated cir-
cuit 268 which integrates any potential above this level
(1.e. any light pulses above the ambient light level) onto
a 0.1 microfarad capacitor 270 when Motorola 4016
switch 272 1s “on”. Capacitor 270 1s discharged by Mo-
torola 4016 switch 274 whenever a pre-trigger pulse is
software triggered via transistor 238. Switches 272 and
274 are each software driven with the aid of 2N3906
transistors 236 and 238.

The voltage signal representative of the background
irradiance in stimulator bowl 10 is subtracted from the
integrated flash radiant energy with the aid of National
Semiconductor L.M324 differential amplifier 276. The
resultant signal, which 1s representative of the radiant
energy in stimulator bowl 10, is amplified by a second
National Semiconductor LM324 operational amplifier
278 and presented to a third National Semiconductor
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1.M324 operational amplifier 280 which filters out any

negative potentials which might harm analog to digital
converter 198. The resultant signal is then presented to
channel 5 of analog to digital converter 198 for further
processing to derive therefrom further output signals

representative of the radiometric or photometric char-

acteristics of the radiant energy in sttmulator bowl 10,
such as radiance, irradiance, radiant flux, luminance,
illuminance, luminous flux, etc. as may be desired. In

18
- Rotary solenoids 64, 66 and 68 are software con-
trolled with the aid of 2N3906 switching transistors 302
which saturate Motorola 4N29 optical isolators 304.
The switched output of optical isolators 304 is used to
gate MJE2955 power transistors 306 which, in turn,
switch on Ledex model A-35235-035 rotary solenoids

64, 66 or 68. 1N4004 diodes 308 suppress the reverse

EMPF of solenoids 64, 66 and 68.
The current output from digital to analog converter

particular, in the preferred embodiment, one such fur- 10 202 directly drives another Motorola 4N29 optical 1so-
- ther output signal is a “second” output signal represen-  lator 310. The current regulated output of optical isola-
tative of the light flux at photo diode 108. The “second™ tor 310 creates a voltage potential across 1k ohm trim-
output signal may be compared with a calibration signal pot 312 directly proportional to the output current digi-
(provided by the software from a look-up table) repre- tal to analog converter 202. Trimpot 312 controls the
‘sentative of the light flux expected from the flaslight 15 master gain of light shutter 70. The output from trimpot
source for a given aperture setting of light shutter 70, 312 is fed to a National Semiconductor LM324 opera-
thus facilitating attenuation calibration of the light shut- tional amplifier 314 which is configured as a voltage
ter as hereinbefore described. | follower. The output signal from voltage follower 314 is
With reference to FIG. 3, the 110-volt alternating  amplified by a second National Semiconductor LM324
current line voltage is filtered by a General Electric 20 operational amplifier 316. The amplified output signal
V130LA20A varistor 282 and a 0.1 microfarad capaci- biases Motorola MJE3055 power transistor 318 which
~ tor 284. The line voltage is then switched by the main regulates the drive current for galvanometers 76 and 78.
- on/off switch 286 for presentation to the various power A feedback loop through 10k ohm resistor 320 im-
supplies. proves the step response of light shutter 70. Back-to-
A =5 volt signal is obtained with a model HBB5-3 25 back 1N4736 zener diodes 322 suppress the reverse
- Power-One power supply 288. The power supply for =~ EMF of galvanometers 76 and 78. Galvanometers 76
background lightbulb 24 (which is a Philips FCS 24- and 78 are each M.F.E. model R4-155 galvanometers.
volt, transformer 289 whose primary is switched by a The values of electronic components not specifically
Crydom D1202 relay 216 which is in turn software described herein are shown in the drawings. |
controlled by background light switch 114. Back- 30
ground light source cooling fan 34 is on whenever VIII. Software
switch 286 is in the “on” position. - | | |
A Crydom D1210 solid-state relay 290 controlled by Appendix “A” to this specification 1s a 45 page source
a software driven 2N3906 switching transistor 292  code listing for a computer program developed for the
(FIG. 4) controls a second 25-volt transformer 293 35 preferred embodiment. The computer program is writ-
which powers another Philips FCS 24-volt, 150-watt  ten in the “C” programming language. It is believed
lightbulb 295 which serves as the light source in the that the computer program listing, together with the
flashlight section. A 200-volt, 8-amp bridge rectifier many explanatory comments embedded therein, will
294, a 75-volt, 4200 microfarad rlpp]e ﬁ]tering Capacitor enable thOSE skilled in the art to understand the opera-
~ 296 and a National Semiconductor LM350 voltage reg- 40 tion of the computer program.
ulator 298 are used to reguiate the secondary output As will be apparent to those skilled in the art, in the
voltage of transformer 293 to 27 volts. A 1N4002 diode  light of the foregoing disclosure, many alterations and
300 is placed backwards across voltage regulator 2908 to ~ modifications are possible in the practice of this inven-
protect it from residual back currents after the power tion without departing from the spirit or scope thereof.
supply is switched off. The 27-volt supply 1s used to 45 Accordingly, the scope of the invention is to be con-
drive rotary solenoids 64, 66 and 68 and ga]vanometers strued in accordance with the substance defined by the
76 and 80. following claims.
APPENDIX A

J 3 AR I I AN A I I N I N I H NI NN H RN NS

/% DEFINE.ERG % 3*/
J 3+ 36 30 3 34 30 30 36 36 3 3 3 36 34 34 3 #/
L 2 | | | | 3/
/#* Thls routine defines the three structures necessary for directly %/
e accessing sPecific Parts of the memory, and all the defini- #*/
/ * tiong used slobally by the Prosram. | ' | | */
e | . %/
/% #/

g %%*%%%%%%%%ﬁ-*%%**%%%%%%%%%*%%*%%***%%*41-%-’i--ﬂ--ﬁ--ﬂ-**%%%%-ﬁ-ﬂ-*%%%*%%%%**%-ﬂ-%%#*%% /

/% The followins structures are_used to trick the lansuase into refer— #/
/% ins to tables stored in specific sPOtsS 1In memorvy. | 3t/
/% The A-natural Progaram ’hdrerﬁ.a’ stores the display calibration */
/# * /

table for the bacKkaround liaht in the EPROM memory startins at
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/ # location 44 (hexl). This structure derines a rererence taoa that 3 /
/ table. #*/
struct
besin
unsisned short b_tablel 2561~
end:.
#define t.bach (0x44—->pb_table)
/% The A=-natural eprosram ‘hdrers.8’ stores the display calibration #*/
/& table fFfor the ¥Flash enersy in the EPROM memory starting at * /
/ % location 245 (hex). This structure defines a reference to that %/
/ # table. i/
struct
heain
unsianed short f_tablel22561;
end; . |
ftdefine t_fFlash (OxZ4C—>F_table)
/% This styructure defines a reference to the table in the EEPROM which %/
/% calibrates the attenuation setting on the control panel to the 3/
/3 arprorriate shutter oFPenins. ‘ 3 /
struct
besin |
unsigned char c.tablelBG41]1;
end:;
#¥define t_.cal (Ox4000~>c_table)
/% Inprut port definitions for the various analos to digital conversions 3*/
/¥ that set the analos multirlexer and start the conversion 3t/
#define AD_BACK - OxEQ /% BacKsround lisht (Irradiance) in the bowl 3/
#define AD_DOUBLE OxE4 /% Trimepot addussment for interval between i/
' /#* double flashes ¥/
#define AD_FLASH OKES /% Flash energy in the bowl */
#define AD_GALUVO OxE3 /% TrimpPot addustment For lengath of Flash */
#define AD_L_EOG OxEA /% Left EOG sianal 3t/
#define AD_PEN OxkE /% Pen up or down from the sisnal averager 3 /
#define AD_TRIG OxkEZ /% Trinpot addustment fFor pre—~trigser intervalst/
#define AD_R_EQQG OxES /% Risht EOG signal */
#define AD_X OxE7 /% X axis from the si1anal averaczer i/
#define AD._Y OXES /¥ Y axis from the sisnal averager */
#define COM1 . Ox80 /% Command register for the Intel 315C char it/
/ 3# that handles 31l the outpPut rFPorTts except #/
/ % the disital diseplav 3/
#def ine COMZ OxCO /% Command resgsister for the Intel 8155 chir * /
/ * that handles the output Ports for the + /
/¥ digital disrlav #*/
#define DUD Ox00C /% Commonly used durins an ‘out’ instruction #/
/3 when only the address and not the data */
/¥ 1s sianificant - #/
#define F_HIGH OxQ1 /3 Bit sequence to set the rst B.S 1interurt #*/
/ 3 clockh to the hish frequency #* /
#define F_LODOW Ox02 /% Bit sequence. to set the rst B.Z interurt # /
| / % clock to the low frequency | %/
¥define F_OFF Ox03 /#* Bit sequence to turn off the rst £.0O ¥*/
S 3 interuPrt clock #* /
#define IN1 Qx40 /¥ Filrst 1npPuUt FPOTL 3/
#det 1ne INZ Ox20 /¥ Second 1nrPut rort 3* /
#¥detf ine IN3 Ox00 /% Third i1nput pPort 3/
#define IN_ADC OxB0 /% InPut POTt for the di1gi1tized analogs sianal #/
#¥define L 1 /¥ Left eve data tor use with EOLG routines 3# /
/% The followins definitions are used to mask in wvarious bits that ¥/
/ 3* contain the desired intormatiaon it/
#define M_.CALIB Oxl /¥ Status of the calibration backR Panel % /
/% switch which should be used with inpPut #*/
/ 3 Ppart INJ %/
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HdefFine
#deFine

#idefine
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#define

#define
fdefine
#déFine
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#define

#define

#d4efine
#define
#de¥ ine
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#define

#define

#define
#detine

#define

#define
#define

ff#define

Rdefine

#define

M_CEOQG

M_CHROM

M_DBACK
M-DEODG

M_DISPLAY

M_DSELECT

M_EMPTY

M_EOQC

M_GALYVO

M-H-GALYO

M_INTER

M_LIGHT

M_MODE

M_OUT.CAL

M_READY

'M_REPEAT

M-RSTBES

M_SBACK
M_SELECT
M_SEQG
M_SHOLD
M_S INGLE

M_TRIG

N_OFF
QUT1
ouTZ
QUT3
OUT_.D1

ouUT_D2

OUT_DAC

OVERFLOW

Ox10

Ox70 .

Ox08

Ox02

Ox80

Ox07

Ox04

Ox4Q

Ox40

Ox380

Ox03

0304_

Ox0OLC
Ox03
0x80

Ox01

Ox80

OxQZ

Ox02

Oxl10

Ox01

inO4"

OxZ0

OxFF
Ox81
Ox83

OxC3 -

OxC1

- OxC2
- O0x82

Ox?#F

Status of the EOG clock

Status of repeat switch:-

Jutrut samrle and hold #ulse.

Detects if sinsle
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which should be
used with 1nPut Port ING3 |
Status aof the chromatic Filter select

switch which shauld be used with inrPut
Port IN1

Status of the Backsrnund liaht swltch
which should be used with inPut port IN3
Lhich

Status of the EQG Auto/Manual switch

should be used with inPut Frort IN1
Status of

Butput of panel lamps for the messases
‘FLASH LENGTH'’, ‘DOUBLE INTERVAL’, and
‘PRE-FLASH INTERVAL ', which should be
used with outrput rport QUTZ |

Status of serial rort, vhich should be
used with input erort SER_STAT |

- Status of E0OCwof the analos to digital

convertor, which should be used with
inrFPUut pPort IN3 B

Dutput of shutter status which should be
used with outpPut port QUTIL |

Status of Pin that can hold the shutter
oren which should be used Wwith 1nput
Ppoart IN3 |

Mask used to blanK out the twu bits which
enable the two interupt frequencies

Turn flash section 11sht source on or aff.
Use with outPut Port OUTI1 o

otatus of rate selection switch:.
should be used with inPut port INI

Turn ‘out of calibration’
Use with outprut port QUT1 |

Status of the Plotter i1nput buffer which
should be used with input port SER_DAT

which should be

Hsed with inpPut pPort INI | |

OutPut whether the erogram
Interurt or not.
guT1 | =

Turn bacKksround ligsht on or oFP
putPut port OUT3

DStatus of calibration select FUSh buttun

Wwhich

15 1n the |
Use with gutPut rPoOTt

which should be used with 1nPut Port IN3

Turn EOQOG oscillator on or off. Use with
outpPut pPort QUTI1 | - |
tUse with
outPut Port QOUTS3 | |
tlash seauence has been

called for. Use with 1inpPut rort IN3

- JutePput the Pre~trisger pulse when ysed

Wwith outpPut POTL OuT1

Turn off a rPort using nesative losic
Output pPort

¥ PDutPut PoOTt:

UutPrut Port

Output Port for
display . -

ButPut Port for ‘hundreds’ disit diseplavy
and the four decimal polnts

‘one’ and ‘tens’ diaits

OutPut Port to the digital to analos con-

verter that controls the'shutter-

Can be used to indicate an over-— tlow con-

dition to the disrlay routine

flash enersv/irradiance switch,
which should be used with input port INI

lisht on or off.

Use with
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#define P_OFF Ox0C /% Turn off a Port uUsing pPositive loagaic 3* /
#define R O /% Risht eve data to be used with EOG 3/
/% rouytines 3%/

#define RECALL OxAl /% Strobe rort to recall contents of EEPROM 3t /
/¥ onto on~chipr RAM i+ /

#define SER_DATA OxA3 /% Port for inepuv and outPput of data to the #*/
] /¥ serial communications chie, INTEL 82514 #/
#det ine SER_STAT OxXAB /% Port for input and outPut of status and # /
/ 3* command words to the INTEL 82514 3t /

#define ST_CON OXAZ /% Strobe Port to start analoa to digital #*/
/# conversion | %/

#¥define STA_TI AOxUF /% Command word to set the Ports and start 3/
/ # the timer on the 8155 chip 3t /

#define STOP_TI Ox4F /+# Command word to set the ports and stor the =/
/ 3 timer onp the 8155 chir */

#define STORE OxAO0 /# Strobe Port to store contents of shadow 3/
/ 3 RAM into the EEPROM i /

/%%*%%%%%%%%*%*%%%%%%%%%%%%%%%%%%#%%#*%**%%%%%%%%%%%%%%%%%%%%ﬁ%%%%%%%%%%%/
/% GLOBAL .ERG %

%/
JE. X 22 % 2 - R AR it /
J 3 #* /
/¥ This routine does all the slobal definitions. it/
f 3% 3% /

[ 33333 33 3E I 3F 3 40 S0 I 03 3 3 SE I I RS T 333t 0 I SEI I IS BN S

unsisned char bedl41=0;

/# Array used in converting the Binarvy # /

/3% Coded Decimal of the attenuation */

/ # select switch into binary #* /

unsiganed char eos_af21L311=0; /% EOG amplitude data for both eves and #/
/ guery minute 3/

Unsigsned char exrFrectedl411=0" /% Table which defined in the routine */
/¥ 1nit(), contains the binary #* /

/3 values for the flash at all 3t /

/3 Passible attenuation settinas */

nsiganed short atten=0; /# Attenuation switch settins 3 /
unsiganed short b_back=0; /¥ Binary value of backaround irradiance ¥/
unsianed short b._Fflash=0; /% Binary value of last flash esneray 3t /
ynsianed short hack=0; /% Calibrated value of bacKsaround lisht it/
unsigned short c.outl=0; /% Curvent value of output povrt OUTI */
unsianed short c_out2=0; /#% Current value of output port OUT? 3t /
unsigned short c_out3=0; /# Current value of outpPut port DUT3 */
unsigsned short change=0; /#* Positive logic flas used to indicate it/
/3 that the EEPROM table should bHe %/

/ #* re—-stored i/

unsisned short crash=0; /% Positive logic flas that i1ndicates to an 4/
/ # interurt routine that an analogs to 3t/

/ 3 digital conversion was in eroaress %/

unsigned short d_hund=0; /% BCD value of the hundreds display disit #/
unsigsned short d_one=0; /% BCD value of the ones disrplay diaijit it/
unsigsned short d_ten=0; /% BCD value of the tens display diait 3t/
unsigned short doubl=0; /¥ Positive logsic flas that indicates if #* /
/ # double rate is called for 3/

unsigned short eog_fin=0; /# Positive logic flas that indicates when %/
/% the EBG test sequence has been com- #*/

/ rleted it/

unsigned short error=0Q; /¥ Lounter of flash calibration errors */
tinsianed short F,expe¢t=0?' /% Expected valrue of flash that has been */
/ 3# corrected for backaround lisht and 3/

/3* shutter orenins lensth #*/

unsigsned short flash=0; /% Calibrated value of the last flash #*/
tnsigned short salvo=0; /# Binary calibrated value of the shutter */
/ * oFening to be sent to the analog to 3+ /

/% digital converter */

unsigned short hex=0; /% Positive logic flas that indicatec if */
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/ # the routine disprlayvy() should leave the #/
| /* data i1t receives in hexadecimal format */
unsisned short hish=0; /% Positive losic flas which indicates 1F 3/
| | / #* the rate is set at hiah | #*/
unsigned short in_calib=07 /# Positive losic flas which indicates that #/
| VA the device is in a calibration */
/ #* sequence, if set to 1 its the cali- #* /
/% brating one of the three trimpPots, if #/
/ #* set to 2 1ts calibrating the attenua- #* /
| / # tion switch | | | */
unsigned short l_err=0- /# Loded indication of errors during an EOG #/
| | o | / 3 test for the left eve . ®/
unsigsned short ligsht_on=0; /3# Positive logic flas that 1nd1cates the */
| | /# status of the flash lisht source */
‘unsianed short loop=0) /¥ Counter of-loops throush the main pPro- %/
| / gardm. Its used to slow down the rate */
/ ¥ of data outPut to the digital display #/
unsiened short low=0;: /# Positive losic flas which indicates 1f */
a /% the rate 1s set to low or not | */
unsisned short max.eosal2]=0; /# Maximum amplitude for both eves during #/
, | / % the EDG test - #* /
unsianed short min_eosf2]1=0; /% Minimum amelitude for both eves during #/
S - /% the EOG test */
unsiganed short mode=Q; /% Temporary bit pattern readnut of the */
L rate switch B %/
unsianed short ranse=0; /% Allowable ranse of error for the flash 3/
: | /% error detection software - ®*/
unsigsned short repeat=0; /% Positive losic flas which indicates if */
/#  the mode switch is in the repeat po- | #/
| /% - sition o . Y/
unsigned short r_err=0; /% Loded indication of errors in the sisnal #/
| | | VA from the risht eve durins the EDG test =/
nmsigned short select=0; /% Rotating bit which indicates which of @ #/
| | o / % the three trimpots is beins cali- */
| /# brated | #*/
unsisned short single=0; /% If equal to 1 this means a sinale flash #/
| / 3% sequence is desired. This wariable %/
/% 1s set to 2 when the sgquence is per-— #/
/# formed and reset to O when the sinale #/
| | /&% I1NPUt has sone low - 3/
unsisned short t_double=0; /% Time delavy between double Plashes  #/
unsisned short t.salvo=0; /% Time delay while shutter is open i/
unsigsned short t_trig=0; /% Time delay between start of pPre-trigger #/
. ' - - /% pPulse and the flash o _ 3/
unsisned short thumb=0; /# Bit readins of. the thumbwheel attenua- %/
/# tion switch | o #/
unsigned short time=0; /% Counter to determine when the flash = %/
| /# source should be turned off ) ) 3#* /
short l_ranse=0; /# Lower limit of exrpected value of flash 3 [/

unsisned short minutess Or /% Time that has passed durins an.EDG test %/

/*%***%%*%%%%%*%% -?»'I-ﬁ-*-H-%-H--H--IH!-%-H-*-H-*-H"H"ﬁ%*%*%*%%%%%%***%%%%%%ﬁ--ﬂ'-ﬁ-**% 33t NIt/

/¥ MAIN.ERG 3 | | | . - R/
/%%%%%%ﬁ%**%***%* o | %/
/ 3 | | S . | %/
/¥ This routine is called by the A-Natural Prosram ‘hdrers.8’ and %/
/* in turn calls &all the ‘C’ lansuase routines to oPerate the - #/
/ 3 stimulator. It First initializes all arpPprorriate variables #/
/ #* by calling init() and then enters the infinate loop of the */
/¥ main prosram. Here the calibration switch is checKed and, */
/3 - 1f on,s calPot() is called to calibrate the three trimpots for %/
/ # flash lenath, double interval, and Pre-trigsser interval. 3/
/ 3 Then calatt() is called, which allows the crPerator to manuallv 3% /
/ # chanse the calibration of the attenuation switch. Next. #* /
/3 smode() is called which reads all the front Panel swltches and %/
/% sets the arppProrriate uarlables to reflect its status.
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/3 If a single flash sequence 1s called ¥or then rstbS() 15 3/
/3 called. If the ‘select’ pushbutton on the bacK ranel 1s Pres— #/
s sed then the automatic attenuation calibration routine. 3* /
/# autcal() is called. A check 1is made to see 1f the penlift line 3*/
/ 3* and 1f so plot() 1s called to pPlot the ERG traces. A reading #* /
/# of bacKaround irradiance 1s then taken., and the backsround */
/ 3 irradiance or the flash eneray 1s disrlaved, derpending on the 3+ /
A setting of the front pPanel switch. Lastly if the EDG switch 1s #/
/3 on and a test has not been comPleted, eo0g() 1s called. i /
/3% #* /
/% THIS ROUTINE CALLS. ' 3/
/ 1nlt () smodée () 3t/
/3 calpot() | autcal () ¥/
/ * calatt() rstb3() 3 /
/3 diseplay() delav() it /
/ % i adc () Pplot () %/
/3 eos(} 3 /
/3 #* /
/# GLOBALS. 3t/
/3 in_calib loop #*/
/¥ sinsle crash 3 /
/ #* b_bach Flash 3t/
/# bach t_bach % /
/ # eoga..fin | 3t/
/ # %/
/ # AUTOMATIC LOCALS. #*/
/% none used %/
/# | #/
/% ARGUMENTS. 3/
/3 none used */
/¥ # /
[ # CONSTANTS. . 3 /
/# ING M_CALIE 3t/
/ % M_SELECT |  AD_BACK = 3 /
/ * _ IN1 M_DISPLAY 3/
/% AD_PEN M_DEOG 3+ /
& #* /
/3 36 30 36 35 36 36 3 36 36 3 35 34 35 3 36 35 3 36 36 35 36 36 363 3 34 3 3 30 3 36 35 3 3 36 34 3 343 3 3 3 30 36 36 36 3 30 36 3 34 34 36 30 36 30 36 36 26330 3 3 343 A/
main()
beain
init(; /% Initialize galobals #/
For(:s3
bsgin
calatt(}; /% Manual calibration of attenuation switch # /
while (1 (in (IN3) & M_CALIR)) /# Lalibration switch 1s on 3% /
beain
in.calib = 1;
smode () ; /% Read front panel 4/
1f (single == 1}
rstbS (3;
calrot() /% Calibrate one of the three trimeots #/
delay (10Q00Q)>; /# Slow down the output to the diselay st/
in.calib = O
end
smaode ():; /# Read front Fanel #/
1f (singale == 1)
rstBS ()7
1f (1 (in (IN3) & M_.SELECT)) /# If ‘select’ Pushbutton 1s 3% /
autecal():s /% Ppressed then perform 3t/

| / 3 dautomatic calibration i+ /
1f (adc(AD_PEN) < 100) /# If the penlift input coes low #/
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if (adc(AD_PEN) < 100} /# then a plot of the ERG 3/
if (adc(AD_PEN) < 100) /% traces is expected %/
Plot(}; | | - |
crash = 1, . | - -
b_bacK = adc(AD_BACK)r» = /* Get readina of backaround o #/
back = t_bacK{b_backl: /#*  irradiance | | * /
crash = 03 | |

loop += 17
i1f (loor > 100}

begain

loor = 07 | | | - |

if (in (IN1) & M_DISPLAY) /% Measurement of bacKsround %/
display (back); /# irradiance to be disrlaved 3#/

else display (flash);, /% Flash energy to be displaved */
end | |

if (1(Cin(IN1)Y & M_DEDG) && leoa_fin)
| then eoa(): | -
else eog_fin = 07
end | R - s

end

/***%%*%%#%%**%%%%%%%%*%%%%%#***%**%*%*ﬁ*%*%%*%***%%*%*%%%%****%%%*%**%ﬁ%/

/% ADC.ERG #* | | | | o | - - o®/
EI TSR LY L T . . - | | %/
/3 | | | | | | R/
/# This routine return the value of an analos to disital conversion */
/ # on the analos Port siven as an arsument, | | | #*/
/% . | . | - | . */_
/ % THIS ROUTINE CALLS: . ' ' - */

-/ delavy() | - : o #* /
/% _ _ . - . - - #/
/% GLOBALS. | | . */
/% none used | . . - Y/
/# | o | S - #/
/% AUTOMATIC LOCALS. ) . | - */
/ % none used | - | #/
/* - - | - o/
/% - ARGUMENTS. - . | | . #/
/% ~ unsianed short Pport - analoa i1nPut POTt . ¥/
/* CONSTANTS. | | - | | | */
/* ' DUD - _ IN3 o | : */
/% M_EDC IN_ADC - ' - ' */
/ % | S . | */

/%*%*%**%****%*ﬁ**ﬁ*%%****%#****%%************%*#%%**%**%%%%#*****%&*%%*%f

adc(rort)
unsianed short port:

besin | | -

out (Pport. DUD); /% Set analogs multiplexer and start conversion #/
delay (3); /#% Wait awhile to make sure EOC has sone hish */
while (in (IN3) & M_EOQC) /# Data readv when EUOC soes low | */
return (in (IN_ADC)): /% Return value of cnnvérsion - */
E'r‘ i | . , | |

/%%%%*%%%**%*%%**%*%%%*****%%***%***%%#%*%%*%*%%*%%%*%%%%%*%***#*%**%*%%*/

/* ADCPOT.ERG = | | - | N X4
A Y T T T YT X | | | | - 3/
/ % . ' . o o 3/
/# This routine returns the scaled and offset valite of the analos i/
/ # channel gsiven by the arsument ‘port’. It is used to read the  */
/# values of one of the three calibration trimpots, ‘flash | #* /

/% lensth’, ‘double interval’ and ‘Pre—~trigser interval’. The R
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Potential of the trimpot 1 converted to an 8 bit digital
nunber, scaled acecording to the arsument ‘r_shift’ and added

to the offset indicated by the arsument ‘basa’. This Produces
d number suitable tor use with the software time delavyv,
delav(), since there is an internal multirplication of 180,

THIS ROUTINE CALLS:
adec ()

GLOBALS.:
none used

CAUTOMATIC LOCALS:

unsianed short temp — temporary value between calculations
ARGUMENTS:
unsigned short rort - analos input rort

unsigned short r_shift = binary places that the ADC uvalue
1S scaled by
unsiganed short base - offset that the final scaled value

1s shifted by

CONSTANTS -
nNone used

/%%%%%%%%%%%%%*%%%%%*%%%%%*%%*%%%*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*%%%%%%%%%/

aderot

(POTt, T_shift, base}

unsigned short Port: r_shift, base:

temp

end

begin

unsigned short teme:;
= ade (port) >» vr_shift:
return ((({(temp << 1) + (temp << 3)) << 4 4+ pase):?’

/*%%%%*%%%%%%%%%%%%%%%%%%%%%%%%%*ﬁ%%%%%%%%%%%%%%%%%%%%%%%%%%%%ﬁ%%%%%%%%%%/

7/ #

AMPLIT.ERG

/3636 3b 38 3 3 30 3h 36 3F 3 36 34 36 3

[ #
/ 3

This roudtine determines the amplitude of the rigaht and left EOG

inPuts for one switch of the ligshts. It is assumed that the
rolarity of the EOG sianal is such that the risht eve males

a Positive step and the left eve maKes a nesative step. For
the Ffirst BO milliseconds a baseline is established. If the
deviation from this baseline is too laraer then For the risht
eve r.err 1s set to 1, and for the left eve l_err is set to 1.
The routine then searches for the peak sianal over the next
750 milliseconds and calls the difference the amelitude. The
variables r_err for the rigsht eve and l_err faor the left sve,
are set to 2 if the reak sisnal zsoes off scale,

THIS ROUTINE CALLS.

ade () delav()
LGLOBALS
r-ernr l_err

AUTOMATIC LOCALS: (Ppreceeding ‘r’ is for risht eve
| and preceedina ‘1‘ is for left eve)
unsisned short sterp — incrementer for loops
unsisned short r_wavell§1, l_wavel1B6] - Table which holds
the baseline values to be averased
unsiganed short r_total: lI_total - runnina totals of values
to be averasged
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unsianed short r_baseline, I_baseline - baseline of EOG.

. sisnals before the lisht switch -
unsisned short r_deviation, l_deviation - deviation in the

haseline sianal
unsisned short romax: l_.max - peak amerlitudes

unsianed short temep — tempPorTary storage fFor variables after

an analoga to digsital conversion

ARGUMENTS. | o
unsigned short #*r_ame. #l_amp - EQG amplitudes to be
| | returned to the callina routine .

 CONSTANTS: - n
~ AD_R_EOG AD_L_EOG

[ 3t 3¢ 3¢ 3¢ -H--H--l’l--![--ﬂ-'H--H--H--ﬂ-%%*%*%*%%*%#fﬂ-*-ﬂ--ﬁ-*--H--ﬁ'-ﬁ-****-ﬁ-%*-**%'ﬂ"ﬁ-'ﬂ"ﬁ-'ﬂ"ﬂ'*-ﬁ'**%%#%%*%%*%%%%%%_ﬁ** /

ameplit (r_amp., l_amp) .
unsisned short #r._ame, tl_amp:r

besin

unsigned short sters | |

unsisned short rowavellBl, l_.wavellBGl:; |

unsigned short r_total, l.total, r_baseline, l_baseline:
unsianed short r_deviation, l.deviation: | |
unsisned short r_max, l.max, temp: |

r-total = 1_total = O,

for (step=0; ster{l1B; step++)
" besgin | |
r.wavelsterl = adc (AD_R_EOG);
1 _wavelster] = adec (AD_L_EOG):
delay (80):

r-total += r_wavelsterlr [ # Get'runnins total of baseline
l_total += l_wavelsterl; /*  values B
end | | |

r_baseline = r_total >> 4; /% Auerase to find the baseline

l1_baseline = l.total >> 4;
r-total = l_total = O;

For (ster=0; ster<lB; step++)

begin /% Find the total of the absolute deviations
if (r_wavelster] » r_baseline) o

then r_.total += (r_wavelster]l - r_baseline):

else r_taoatal += (r_baseline - r_wavelsterl),

if (l_wavelsterl]l > l_baseline) |
| then l.total += (l_.wavelsterl -~ l_baseline):
else l_total += (l_baseline - l_wavelsterl);

end )
r_deviation = r.total >> 4; - /# Find the averase deviation from
l_deviation = l_total 2> 4: / #* the baseline value |
if (r_deviation > 50) = /% Set error flass if the averase
then r_err = 17 /%  deviation is too larse
else r_err = 0O; |
if (l_deviation > S0)
then l_err = 1;
else lI_err = 0O;
r.max = O
l.max = 255; |
for (step=0; stepr{150; step++) | |
besin | /% Find the positive pPeak tor
temp = ade (AD_R_EOG) A the risht eve and the

if (temp == Z2T0) | / 3 nesative preak for the
' r_err = 25 . /# left eve '
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1f (temp > r_max)
r-max = teme;
tempPr = adc (ADR_L_EOGQ)y
if (temp == Q)
l.eryr = 2Z2;
if (temp L l_max)
l_omax = temps
delay (80);
end
1f (r_err == 0)
then #r_amp = r_max
else #r_amep = O;

if (l_err

and

[
e

Q)
then #l_amp

else #+]1_amp

Oy

l_baseline

4,618,230
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/3% Return ampPlitude values

- l_max-

/3t
/ 3

only 1f no errors hawve

pceocurred

i/
i/
%/

/%%%%%**%%%%%%%%#%%%%%*%%%%%%#%%%%%%%%%%%%*%%%%%%%%ﬁ%%%%%%%%%%%%%%%%%%%%%/

/%

AUTCAL .ERG

J 33ttt e 3 bt IE S 30 G 3¢

This routine Performs the automatic calibration of c_tablel s

which 1s the looh—-up table to match the control epanel atten-

uation setting to the arperorriate shutter orFrening.
until the bhackground irradiance is set to

20 milliseconds:
(0 0 40dB} .,

length to
attenuation settinsgs

display 3s they are beins erocesseid.

THIS ROUTINE CALLS:
adc(}
displav()
sethit{)

GLOBRALS.

exrectedl ]
b_bhach

h.flash
atten

t.calll

AUTOMATIC LOCALS.

unsisned short low =

unsianed short hish

unsisned short temer_gsalvo -

ARGUMENTS.
none used

CONSTANTS.
AD._BALK

ING
M_OUT_CAL

STORE

eneray falls out of ranse of the exrected
indicated by the routine calfsh(}.
da binary search 1s made of the pPossible shutter orpeninas until
a value is found that falls within the exepected ranse.
the upper and lower bounds of the search meet.
is aborted 1f the calibration button:
this routine to be called;

calfsh()
delav()

resetbilt ()

in_calib
c_outl

t_galvuo
galvo

lower bound

three times

~87T0

If the obtained
Flash energv,
1N 8 ToW:

It waits
sets the flash
and then cvcles through 311 the
which are shown on the
+lash

asS

then

or until
This routine

which origainally caused

in released.

¥or binary search

- yupPreyr bound for binary search

DUD

M_.SELECT
guT1

temrorary storasae for the
original value of

‘gglupn’

*/

[ St N S G S I S S S W I IS W I I RS



37

4,618,230

38
autcal ()
begin | | |
unsianed short lowr hish:, temp_.salvo:; | |
in_calib = 27 /% Indicate calibration of attenuation */
- /# sWwitch 1s 1n Progsress 3/
b_back = adc (AD_BACK), |
wh1le (b_bacK > 0O} | /¥ Wait until the bacKksround irradiance #*/
~ beain /# becomes zero ' #/
display (DUD); N
b.back = adec (AD_BACK) -
| end - | | | - |
temp_3alvo = t_gzalvo; /# Save oriainal value of flash lensth */
t_salvo = (20 £ 4) - 1; /# Set ¥flash lensth to 20 milliseconds */
atten = 0; | | |
while ((atten<41l) && !(in(IN3) & M_SELECT))
begin
display (atten). /# Display attenuation. settxns bezns 3/
gsalveo = t_callattenld;: / 3% calibrated */
if (lcalfsh()) /# Give the flash three chances to %/
~ besin / 3 Produce the exrected flash | * /
delav {15000)1 /%  enersy | # /
if (lcalfsh()) | |
begin
delay (168000},
if ('calFah())
begsin
delay (16000); | | S
sethit (M_OUT.CAL. &c_outl, OUT1); /# Turn on OUT #/
. | /# OF CALIBRATION lisht 3/
if (b_flash < exrectedl{attenl]) o
| then /# Flash is less than exrected so set */
begin /% bounds to lower portion */
low = t_¢callattenl,
hish = 25357
end | _ | | |
else /% Flash is areater than expected so set #*/
beain /% bounds to uprer POTtion */
low = 1407} | - |
high = t_callattenl;
end | |
‘galvo = /% Set shutter orPening #*/

while ((lcalfsh()) &&

{low + hish) >>» 1:

/% to middle of bounds */

I (in(IN3)&M_SELECT) && (low<hish))

besin /% Perform binary search */
if (b_flash < expectedlattenl) |
low = salvor | |
else hish = galvo-
galvo = (low + higah) >> 1;
delay (IBOOO)r
end |
t-callattenl] = galvo: /¥% Permanently store new %/
out {(STORE., DUD); ~calibrated value */
delavy (200); ' o o
resetbit (M_OUT_ CﬁLr &c.outl, OUT1): /% Turn off */
end - QuT OF CALIBRATION lisht */
| end | o . |
end | | |
++atten, /¥ Trvy next attenuation settins ¥
.~ end R —_— _ -
t-s8alvo = temp aalun. /% Restore orisinal value of +flash lensath */
| in_calib-= O | |
end

Ly L e L e Ty R I T T T L T e T ey

/# CALATT.ERG

3

*/
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JE T T X 22822 - E 20Y 1 # /
/% | | 3t/
/# This routine allows the orperator to manually chanse the calibration 3/
/ of the attenuation switch. It 15 entered or aborted by #/
/3 togaling the calibration switchr an action which would not nor— #/
/3 mally be done on the control pPanel. For any attenuation set- it/
/ 3 ting, the disrlay will show the current DAC setting from the #*/
[ # table t_calll. This value can be changed by pushins the it /
/# ‘select calibration’ button. If the button is held, the it/
/ % dJisplay will count slowly Ffor the fFirst four. . counts and rapidly #/
/3#* thereafter. The direction of count is determined by the */
/# ‘calibratiaon’ togsle switch. | 3 /
/% 3+ /
/ # THIS ROUTINE CALLS!? " - * /
/¥ . delav() setbit() * /
/ 3 smode () rstBES () 3t /
/¥ displavy() resetbit() */
/% | 3t/
/® - QLOBALS. # /
/3 in.calib chanse it /
'K c.outl single 3t /
/ 3 gaalyo flash #*/
/3 t.calll atten . */
J 3 #/
/ 3 AUTOMATIC LOCALS. 3t/
/% unsianed short count — used to Keerp track of the number ¥/
/ # of counts that the ‘select cali- #* /
/3 bration’ is pressed for - 3 /
/ 3 3/
! # ARGUMENTS . . it/
/3 nong used 3t /
L */
/3 CONSTANTS. ./
/# M_OUT_CAL OUT1 3/
/ ¥ M_DISPLAY IN3 3 /
/¥ M_SELECT M_CALIB -~ 3 /
/ W STORE DLID * /
/ % # /
J 33 3t 36 34 3 3 2 3 35 3F 3F 35 3 3 35 b 3k 36 35 36 3 35 3 3 35 35 35 35 35 3 36 3 - 36 3 T 35 35 3636 35 3 3 36 3 S 336 36 3 3 3 S S IE IS 3 SH I S 32/
calatt ()
beain

unsianed short count;
if (1 (in (IN3) & M_CALIB)) /% Lalibration switch must be toasled #*/

besin /# at about .5 hz ta enter the inner 3/
delavy (32001 /3 loop %/

1F (in (IN3) & M_CALIB)
beain

delay (3200);

if (t(in (IN3) & M_CALIB))

begin
in_calib = 2¢% /# Set flag that calibration of atten— o/
change = Qf /# uation switch 1s 1n Proaress i#* /

while (in_calib
begain |
sethit (M_OUT_CAL, &c_outil, QUT1Y:y /% Turn on UOUT #/

/¥ 0OF CALIBRATION light #/

smode ()~ /% Read control panel W/
1f (singale == 1) /% Perform single flash 1if #*/
rstbs () / 3 called for */
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++in.calib-

if (in_calib > 1000) /%

4,618,230
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/% Set up short timer that will

/%  not allow the orFerator to
/¥ 1nmmediately togssle out of

the calibration mode

in_calib = 1000

if (in (IN1) & M_DISPLAY)
display (salvo); ” | -
else display (Fflash); /% Display flash energy

/# if flash enersy switch is up
count = Oy

while ((!(in(INSJ&ﬁ_SELECT))&&(in(INl)&M_DISPLQY))
begin o

1f (1 {in (IN3) & M_.CALIB))
begain | | |
if (t_callattenl] 1= £355) | |
++t_calfattenls /# Increment cal-
end /% 1bration settins
else | | S | !
1f (t_calfattenl]l = 0O) - |
-—t-.callattenl- /% Decrement cal-
| /¥ igsration settins
diseplay (t_callattenl):
++count -
changae = 1
| /% has been changsed and should

i e be restored
if (count < S) | |

delay (8000);  /3# Slow.count |
else delay (1600); /# Fast count

end

if ((!(in (IN3) & M_CALIB)) &%& (in_calib >= 1000))

begin /% Test for cal. switch being

delavy (3200): = /#  tossaled to abort this
T /% routine
if (in (IN3) & M_CALIB)
| beain
in_.calib = 07 o ~
resetbit (M_OUT_CAL, &c.outl, OUT1);

if (change) /# Rastore table from shadow
~ begin / 3 RAM into the EEPROM
out (STORE., DUD)~

delay (200); /# Wait for end of store
end | | |

end

end
end

/# Indicate that'the EEPRDﬂ table

end

end
end
end

T

/*%%****%%%*%*%%%*%%%%*%%*%%*%***%*****%%*%%%%*%***%**ﬁ**%ﬁ*%%%***%%%%**%/

/%

CALFSH.ERG

[ RS0 3 3 3 3 3 H N33

This routine Performs one flash, measures the received flash

enersy, compares 1t to the exrected value of the trlash

Pplus or minus a small ranse and returns 1 if the ¥lash is
in calibration or O if the ¥lash is out of calibration.
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THIS ROUTINE CALLS.
setbit ()
resetbhit()

adc ()

delay()

GLOBALS.
c_outl

b_flash
expeactedl ]
l_range

t_tTrig

rdnge
gtiten

AUTOMATIC LOCALS. =
none used

ARGUMENTS.
none used

CONSTANTS.

M_TRIOD
AD_FLASH

OUT 1

open_galvo()

44

#*/

/%%%%%%%%%%%%%%%%#%%%%%%%%%%%%%%%%%%**%%%%%%%%%%%%%%%%%%%ﬁ%%%%%%%%%%%%%%%/

calfsh()
besin -
sethbhit (M_TRIG, &c_outl, OUT1),
Jdelay (t_tris). /3

/#

resethit (M_TRIG:

prPen_salvo ()
b_flash = adc

e_outl, QUTYIY), /%

(AD_FLASH)

range = (exrectedlattenl / 10) + 4, /%
I,
l.rTange = expectediattenl]l - ranse: /¥

if (l_range < 0) l_range = O, / %

if ({(b_flash < expectedl[attenl] + range)}) && (b_flash »>=
/¥ 1in calibration #/
/% gut of calibration #/

return (11}
else return (0O);
and

CALPOT.ERG #

/3t 38 3 -3 3 3t 3630 5 3k b R 3

/% Send put Pre—triaser Pulse toO

hill the charge stared on
the 1ntesrating caracitor

Determine allowable range of

errorwr

Make sure lower bound 1s not

negsative

l_rangse})

This routine allows the orperator to setect and chanse the adJjust-—

ment of any one of the three trimProts:
‘Pre—triaser lensth’.

interval’, and

‘Flash lensth ',
The name of the trimpot

‘double

that is undergoing calibration is lit on the disrplay and the
value of that time adJdustment 1In milliseconds is shown on the

displavy.
‘select calibration’ pPushbutton.

THIS ROUTINE CALLS:

adcpot () displav()

GLOBALS.
select
Fflash

t_double

t.trisgs
t...aaluo

AUTOMATIC LOCALS:
none used

ARGUMENTS .
none used

CONSTANTS S s
AD_TRIG AD_GALVD

The different trimpots are selected by Pressing the

/%%%%%%%%%%%%%%%%*#%%%%%%*%%#%*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/
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e | AD_DOUBLE o IN1 | - | | 3t /
/% M_DISPLAY IN3 . | - #*/
/¥ - H_SELECT | o %/
/,ﬂ_ - | . | */
f%*******#*%*****%*%*****%**%*%%*******%*%*****%****%******%****#%**%****/
calpot()
begsin
switch (select)
begin
case 4. | | |
¢+ _tria = adcerot (AD_TRIG, S, 157):; /% Set pPre-trigger time #/
if (in (IN1) & M_DISPLAY) - - /#% anterval | YA
display ((t_tria >> 4) + 1);
_ else display (flash);
break:s
case 1. | | | |
t_galvo = adcrot (AD_GALVO., 3, 157); /% Set lenath aof flash #/
1f (in (IN1) & M_DISPLAY) | | | |
| diseplay ((t_.salvo »> 4) + l)r
else d1splav (Flash) s
break- | |
case 2. | | | |
" t_double = adcrot (AD_DOUBLE, 2, 1597): /% Set time inter— #/
if (in (IN1) & M_DISPLAY) /%  val between = #/
| display ({(t_double >> 4) + 1) WA double Flashes #/
else display (flash):; | | |
break: |
end
if (!(in (IN3) & M_SELECT)) /# If ‘select calibration’ button is */
| besin - B /#  pressed then change selection */

select <<= 17y L to the next trimPot | */
if (select » 4) | | |
saelect = 1.

while (1{in (IN3) & H_SELECT)) /# MaKe sure button 1s released #* /
; | /% banre continuing */
end o | |
end

. /'ﬂ-%%%%******%%*%***-ﬂ-**%***%***-ﬂ-***%*'ﬂ-*-ﬂ'*%********%**-ﬂ-%*%%****%**%***%**-ﬁ'*/ :

/% CONDEN.ERG * , _ _ L #/
PA I T YR TR R | | | */
/% | - | | */
/# This routine will plot the candensed EOG amplitudes Ffor the risht  #*/
A and left eves, with a written indication of both lisht rise #/
/% ‘ratios. The output medium is an HP 7470A Grarhics Plotter %/
/#* ‘yia an RS232 interface. The Plotter commands are the HP | 3 /
/ 3 Graerhics Lanauase mnemonics. | - | | - | #*/
/% | N | | | | . %/
/%  THIS ROUTINE CALLS: | o o */
/3 serial () | moue () | | | %/
/#® . fractn() . . - o o o #/
/ % B ' o - _ ' */
/% GLOBALS: o #/
/ * ega_af21C[311] max.eosl2] | o | 3/
/¥ - min_eosl2] | | : - #/
SE | | | D - | %/
/ 3 ~ AUTOMATIC LOCALS: - %/
/#* | ~ unsiganed short step - variable for steppins Po51t1nns - #/-
/# : across the ararh | - %/
/ 3 | unsianed short minute - time value to be rlotted | */
/ - - ' _ ' #/
/ # ARGUMENTS: o - | */

/¥ none used N o - T | R A
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/¥ CONSTANTS. | ] h %/
/ nene used # /
/3 % /

f‘ﬂ-%ﬁ-%ﬁ-%'ﬁ-%ﬁ--ﬁ-%%%%%-ﬁ'ﬂ-%%-ﬂ-%-ﬁ--ﬁ":‘-!-%%,%%%%_%%%%%%%%%%%%%%%%%%%%%%%%%-ﬁ-%%%%%%%%%%%%%%%% /

conden ()

besin

unsisned short ster, minute:

serial (MIN"); /¥ Initialize Plotter 3/

serial {"\33\S56\100"); /% Set handshaling to epin 20 %/

serial (“CS0;SS:DT ;SP1:;SC0,400,0,320") /# Set X ranae tog 400 3# /
move (30, eoa__,alRIL01+20Q) 7 | / & and Y rangse to 320 #/

serial ("“"PD"),
sterp = 40,
for (minute=1; minute<=307 minute++)
begin /% Plot risht eve amplitudes */

1f (eoa_alRIJIiminutel >» O} move (step, eoa_alRIlminuteld+20)°
step += 10;

—

end | =
serial{"PU;PA335,200;LBERisht LBRatio LB= CP"); /% Print risht liaht =/
fFractn (max_eogsfRl, min_eosiRl)~y /% Tise ratio on the 3/

seri1al("LT2,5:PA180,20:PD7PA18B0,270:PUSLT") ; /% si1ide of the graph #/
ser1al (“"PA78,260:LBDARK LEBADAPTED PAZZ25,260:LBLIGHT LEBADAPTED SpPz2v):
mouve (30, eog_alLlL01+20); |

serial ("PD");

ster = 407

For (mindte=17; minute<=30; minute++)

begin /# Plot left eve amPplitudes 3% /

1f (eos_aflliminutel > O) move (step, eos_allLllminutel+20);
step += 107

end
ser1al (“PUPA335,150LBLeft LBRatio LB= CP"“)? /% Print left lisht #/
Fractn (max_.eogaflLl: min_eosiLl): /% Tise rvatio on the #/

serial (“PA330,20PD30,20,30,270PUrTL1.S,1.5") ¢ /¥ side of the gsraph #/
tor (stee=2707 ster>20; step~=50)

begin /7% Put in Y scale ticK marks % /
mouve (30, stepPr)y

serial{"YT");

end
for (ster=40; ster< <3407 step+=10)
begin /% Put in-X sgcale tick marks #*/

move (step, 20} 7
serial (“XNT");

end /# Label scales and title the garaeh it/
ser1al("PA32Z6,107LB30 PAZ26:,10:LB20 PALIZB:10:LP10 PAZB8.5,10:LBD “)*
serial("PAZ20,17.687LB0O PA10,267.67LB250O ')

serial ("PAO,145:LBuV PA16B3,07LEMinutes "“);

serial("SI0.7,1.0:PABS,300;LEEDG LBPAMPLITUDES SPO:Iv)y:®
end

/%%-ﬁ-%'ﬁ"ﬂ--ﬁ-'ﬂ--ﬁ--ﬁ--ﬁ--ﬁ'-lHll-'ﬁ--ﬁ-'H'-l!"ﬁ--H-'IHI--ﬁ--ﬁ--ﬂ-%%%'ﬁ-‘ﬂ--ﬁ'%-ﬂ-%%%%%%%%%%%%%%%%%%%*%%-11-%%%%%%%-ﬂ-%%%%%%%# /

/% DELAY.ERG *# it/
/ 33530 3k b 36 3 35 3 3 3 36 26 3 % 2% | | %/
/ 3 i /
/¥ This routine Provides a software delay of B82.5 microseconds per #/
/ 3 loorpy or 1 millisecond For 16 loors. 3/
[ # - #* /
/ THIS ROUTINE CALLS: ‘ | # /
/% nothins | #*/
[ # | #*/
L LLOBALS. #* /
/3 none used * /
/ # | | %/
/3 AUTOMATIC LOCALS.: | %/
/¥ unsisned char dud - dummy variable i/

L unsianed short heidi — inerementer £or the delay loops % /
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unsianed short loor - number of lonser looPps that are %/
rerformed ¥ /

ARGUMENTS . | - o . | #*/
unsigned short time - total number of loops to be traversed #/

| | | | */

CONSTANTS. - | | i/
none used . | : ¥/

| i

/%%%%%%%%%%%%%*%%%*%%*%%%*%%%**%**%%%%%%#%%*%%%*%%*%%%%%%**%%**%%%%%%%%%%/_

dJelavy(time)

unsisned shnrt timery
begin

end

unsianed char Jdud’?
unsiasned short heidiy
unsigsned shaort loor:

~loop = time 5> 37 /% Dﬁe longer loor is Performed for every seuen %/
time —= loop- /%  shorter loops */
for (heidi = Oy heidi < time; ++heidi) /% FerForm short loops */
| . . | | - . | B
for (heidi = O0:; heidi { loor; ++heidi) /% Perform lonser loors */
dud = O7 | | |

/*%%****#***%%**#%%%***%#***%**%**%**%*%%%********i%*******%*%****%%***%*/“

/¥ DISERR.ERG - | | | */
J 3 % % 3k 3 3 3 36 36 9 9 3% I 35 3¢ 3 | - */
/ * - Y
/% This routine will display the error code encountered durins an */
/# EOG test. An ‘E’ apprears i1n the leFt hand digit of the display #/
/ % tollowed by the code 1 if there is a noisv baseline, the code */
/ * 2 if the PeaK amplitude is off scaler, and the code 3 if the * /
/ # amplitudes fluctuate too sreatly. The risht eve is selected #* /
/% by placings the Jdisplavy mode switch in the ‘Irradiance’ postion */
/3 and the left eve is seleted by Placing the disrlay mode switch #/
Wi, in the ‘Flash Enersy’ paosition. | | o %/
/3 | - | | * /
S THIS ROUTINE CALLS: | | | | o */
/% - diselav() | | I - | o/
/% | D | | | | * /
/% GLOBALS: - . - | */
/3% hex L r-err | - | N #*/
% l.err | | | | - - %/
/% S . " - , ' #/
/ #* AUTOMATIC LOCALS. | | | | | - %/
/# unsigned short data - used to send the code to the rvroutine 3/
/% dlgplav() | 3* /
/ ¥ | | | | | - 3/
/ % ARGUMENTS: _ ' | e %/
/ % none used o | | : o/
/ . - . | L | Y
/% CONSTANTS: o | - , %/
/# IN1 | H_DISPLAY - o/
/% | | o */

-/%%*%%%*%%******%%*%**%%%%%%%%%%%*%*#%%%%*%*%%**%*%**%%*%%%%**%*%%%%*%*%%/

diserr()
begin
unsigned short datas; )
hex = 1; | | | - | |
data = OXFEOQO; /# Turn decimal Points off and eplace an ‘E’ %/
if (in (IN1) & M_DISPLAY) /# in the left hand digit of the display */
then data I= r_err; | | | - |
" else data I= l_err; /# Display reauested error code 3/

displavy (data)l:

end |
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/ #

DISPLY.ERG #

IE- T T TR EEEEFTES.

This routine will send the input argsument 10 the digital displav.

It also controls the decimal rpoints and the lishts behind the

messases:, ‘FLASH LENGTH'’, ‘DOUBLE INTERVAL ‘s and ‘PRE-FLASH
INTERVAL ‘.

THIS ROUTINE CALLS.

Jiu ()

GLOBALS.
in—-calib d..one
J_hund d_ten as
higah rereat
c_out? hex

AUTOMATIC LOCALS.

unsianed short decimal — code for which decimal points

should be on

ARGUMENTS .

unsigned short data - number to be displaved
CONSTANTS.

OQUT.-D1 OUT..DE

MoDSELECT

[ bt e B S I I I 3 IS S S A I W W W WS I SN W W/

displav (data)
unsigned short data:

besailn
unsianed short decimalzy

1f {in_calib)

decimal = Oxk; /% Turn decimal points off when in cal-
/% ibration mode
else decimal = data >> 12; /¥ LLooR—uP tahles contain the in-
/% Fformation for the .decimal
/ ¥ Points 3s the upper 4 hits
- data &= OQxFFF=;
if (hex) |
then
besin | ) /% Displav data in hex format
d_one = data & OxF-; ~
d_ten = (data & OxFQ) »> 4,
d_hund = {(data & OxFOO)} »>» B8B:
hex = O3
end

else d_one = div (diy (datar, 100, &d_hund}, 10, &d_ten}:;

/% Convert number to decimal 3/

1f (hish && repeat} /% Put OFF onto the diseplay to indicate that
beain / 3 the lisht meter would be giving incorrect
ot (QUT_D1. OxFF):; /¥ readings |
out (OUT_ D2, OxFOQ};
end

else

begin
out (DQUT.D1, (d_ten << 4) + d_one}: /# Format the numbers
d_hund += decimal << 4:; /3 for disrplay
out (QUT.DZ, d_hund);

end
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1f (in_calib == 1) /# Turn on the aperopriate panel lamps if the #*/
begin /% device 1s in trimpPot calibration mode #*/
c.oute &= “"M_DSELECT: | - |
c.out? |= (“select & M_DSELECT) .

- end
else c_out?2 = M_DSELECT:

out (OUTZ2, c_outl):;
end | -

/#%%*%*%%%%%#*****%*#****%%%%*%****#**%*****#**%%%*****%*#%%%*%%%**%%%*%%/

/#* DIVIDE.ERG | | - | #*/
/ 343436 35 3 3 3 36 35 31 36 35 26 34 3¢ 3¢ ; | | %/
/ # | S | - | %/
/ % THE ROUTINE: diuide(diuidendrdiuisnrrquotient) S */
[ ee—————— - e e o o e e */
/3% ThlS inteser divide Toutine d1u1des the d1u1dend by the divisor #/
/ # storing the result in the location pPointed to by the Quotient. #/
/ % The remainder is returned by the routine. The dividend and the #/
/ * divisor must be such that the exPrected result is between O and %* /
/% 15 inclusive. - | A | | */
ra : o | | */
e  THIS ROUTINE CALLS: nothins | | I * /
/ * . | D S 3*/
/% GLOBALS: none - - | %/
/3 o ' ' I | | f #/
/ % STATIC LOCALS: none | | #*/
. - | E o | By
! # | AUTOMATIC LOCALS. US temp | | . #* /
/¥ | C 1 - | o | #*/
/4 ' _ . - */
/# - ARGUMENTS: US dividend, divisor | | | | * /
[ #* PTR Quotient - - - #/
/*' | ] . | | :_*/
/3 CONSTANTS. none o | | %/
/% | - . | | # /
/3t * /

_/%%%%%*%%%%%%*%%%*%%%%%**%**%%*%*%%%%#%%%%*%%%%%#*%%%*%%*%*%%*%%%%%%%%*%%/

div(dividend.divisor,-quotient)

unsianed shurt Jividend, d1u1sorr*quot1entr
‘besgin '

unsisaned short teme}
char i

il
e
./
- e

#quotvtient

Cfor (i=33 i »= 07 —-i)
begin | : | _
#quotient = #quotient << 17
temp = dividend >> i; |

if (temp >= divisor) then

besin |
++ (d#quotient)r B oz - -
Jividend = (diuidend.&.”("O{{iJ) + ((temp -~ divisor) << 1}:
end | | | -
end
réturh(diuidend)? | | | N /#% the remainder #/

end

/%%*%**%*%***%*%*%***%**%%*%%*******%*%%%%%%%*%*****%%***#%**%%*%*%**%%*%/

/% EDG.ERG  # - - - o/
/%%*%%*%%**%ﬁ%%%% * ) - | o . 3%/
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/¥ This rtoutine controls the EOG test Protocol. It sets the timers

/* Set both timers to 13:576 and start them. This will

/3 cause the hardware to call rst75() every minute.

out (OxB4. Ox08B)-~ /% Lower bvte of- timer count

oput (Ox83, Ox75)~» /% Upper byte of timer.count, and timer mode

| / 3 1€ set to a8 continuous square wauve

out (OxC4, OxQ8}:; /% LLower byte of timey count

out (OxCS, OxFSJ - /% Uprer bvte of timer count. and timer mode
| /# 1s set to continuous Pulses

out (COMLi, STA_TI):; /% Start timers */

out (COM2, STA_TI) -,

minutes = 100, /# Initialize globals * /

min_.eoslR] = min_eoall.]l] = 2007

max.eoglR) = max.eosfl] = Q;

r_err = l_err = 07

rst75()

while (1 (in(IN1) & M_DEQOR) && !eoa_§fin)

begin
if (minutes »= 15} | /% Turn on backKsaround liaht
sethit (M_SPACK, &c_out3, QUT3)?
1f (minutes >= 30) /% E0OQB procedure finished
then
begin
conden(}:
eoa_fin = 1;

end

/% to call rst75() every minutes, initializes the slobals to be
/i used, calls rst759() ¥For the First time, and then waits for
/% the hardware to do the automatic callins of rst75(). Note
/# that since rst75() will update the variable ‘minutes’, this
/ # routine will switch on the bacKsround lisht 15 minutes into
/3 the test, and arfter 30 minutes will Plot the condensed EOG
/# amplitudes. The bacKksround light and the timers are then
/3 turned off.
/ &
/# THIS ROUTINE CALLS.
/% rst/70(2 conden ()
/% setbit() resetbit ()
/3t diserr() Jisrplav()
/3
Iz GLOBALS. |
/ 3 minuttes min_eosafl?]
[ * max_eosl2] r_err
/¥ l.err | ~eoa.fin
/ 3 c_out3 e
J 3t
/# AUTOMATIC LOCALS.
[/ ¥ none used
x
/ ARGUMENTS S
/¥ - none used
/%
/% CONSTANTS .
/ #* CcCOMl COM2 .
/ % STA_TI STOP_TI
/% R L.
/3 INt1 M_DEDG
/ % IN3 QuUT3
/ 3 M_DBACK M_SBACK
£
/335 30 3 3 3 3F 3F 3F 3 3 35 3 36 36 36 3 36 3 35 3 35 3 35 3F 3 3 3535 34 36 36 38 3 3% 36 3 38 36 3¢ 36 3 35 35 35 3 3 3 3 35 36 35 34 34 38 3 3 3 3 3 3 3 3 G H S HH* /
ecs ()
besin
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glse |
i1f (r_evrr>20 Il l_err)»0)
then diserr();
else display (minutes):
end | | - . -
if (in (IN3) & M_DBACK) resetbit (M_SBACK, &c_out3d, OUT3);
out (COM1, STOP.TI); /% Storp RST 7.5 timers  #/ '
out (COMZ2, STOP_TI); |

end -

/**%%%%%**%%****%***%*ﬂ*%%*%*****%****%*%*%*%****%*%*#*#**%*%%*%%%**%%***/'

/% FRACTN.ERG + | | | S #/
J 333k 303630 3 3 38 30 3 H I | | | | - 3%/
/3 | o | | % /
/% This routine will outrut to the Plotter the result of ‘top’ #*/
/# divided by ‘bottom’. Only two disitsr: the one to the risht */
/#* of the decimal pPoint and the one to the left of the decimal =  #/
/ 3 Point are Printed. o - | */
/3 . | | | | */
/% . THIS ROUTINE CALLS: | - . #/
/#* serial () outPut() - o | * /
/ # div() | - . - #*/
/% | | #*/
/ 3 - @GLORALS: | - | | | | | | | */
e none used | #*/
/ #* R | #*/
/ AUTOMATIC LOCALS. : - S . %/
/¥ ‘unsisned short disit — digit to be output | S */
[ *® unsisned char bvte - ASCII value of Jdisit to be outpPut B 24
/% ARGUMENTS . - - _- | BRNE ¥4
/ 3 unsigned short top — dividend of the division #*/
/¥ | unsianed short bottom - divisaor of the division I #/
/ & | o o | | - -y
/ # CONSTANTS. | */
/ #* - none used | | | */
J & | Y,

/-H--H-*-H*_-ﬂ-%****%*%***%%%*-ﬁ-#%%*%ﬁ-%#*-ﬁ--ﬁ--ﬂ-%#%********ﬂ-%*%%*%%*%##%%%*%*%%-ﬁ-%%%%_-ﬁ-*% /

fractn{tor:bottom) |
unsisned short tor, bottom:s
besin |
unsianed short digsit:
unsisned char bvter?
unsisned short remain:

serial("LB"); /% Mnemonic to initiate the pPrinting of labels  #/
remain = div (top; bottom, &digit). |

byte = digit + 48" - | | | |
output (bvte)s /# DutPut units disit | ¥/

output (‘.7); - 1
div ((remain<<{i)+(remain<<3), bottom, &digit)’y
bvte = digit + 48; | |

outrPut (bvte): /# OutPut disit immediately to the left of the #/
putPut ( ‘); o /% dJecimal pPolint - | - 3/
- end o

73 3 3096 36 36 3 35 35 35 35 36 34 36 3 35 96 36 35 36 35 3030 3 35 3 2638 35 30 343 3 3 30 3 30 30 36 3 36 3 3 3 36 35 3 3030 3 30 3 2 I3 30 303 3 3 AR H/

/ #* INIT.ERG = - | - - %/
/ 363 3 3 3 3 3 3 3 3 3 3 3¢ 3 3 3¢ . I | S * /
/# This routine initializes all pertinent variables at the start of #*/
/# the Prosram. - | - o | | %/
/% THIS ROUTINE CALLS: - - | | #/
/# adcrot () . | | | | %/
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/ #* GLOBALS: 3t /
[/ # c_outl c.out 3% /
/3 t.tris t.galvo 3% /
/% t.double select 3/
/ # in_calib Flash i /
/3 arror erash 3 /
/ 3 repeat sinale #* /
/ ligsht_on loop 3 /
/ # exrpectedl ] c_out3 3#* /
/# eoga._fin r.err . it/
/# | l_err he X 3t /
/3 %/
/3 AUTOMATIC LOCALS. */
/ % none used I+ /
/3 #* /
/ 3t ARGUMENTS .. 3t/
/¥ none used ¥/
/& i * /
/ ¥ CONSTANTS. %/
/ % RECALL DUD i /
/% N_OFF OUT1 3t/
/ % OUTZ COM1 * /
/3 COM2Z STOP_TI it/
/# AD_TRIG AD_GALVO % /
/# AD_DOUBLE SER_STAT 3%/
/% ¥* /

SIS e I e e S S I A I I I I I N W WG W H R R F I R WA E NN/

init ()

begin

out (RECALL, DUD):; /¥ Put EEPROM table intog shadow RAM - it/

coutl = c_ooutlZ = c_outld = N_DFF: /3% Turn off all outeput poOTts #* /

out (COMIi, STOP_TI);

out (COMZ, STOP..TI):

out (OUT1, c_outl);

out (OQUT2, c_out?):

ot (QUT3, c_outd):;

ot (SER_STAT, OxFA): /# Set Mode ¥For serial port, 7 bits, even #/
/3 rATItY, 2 stoP bDits | 3t /

out (SER_STAT, Oxi11); /# Set Command Instruction for serial port #/

t-trig = adcrot (AD_TRIG, S» 157); /# Set pPre-—trigsser interval 3 /

t-galvo = aderot (AD_GALVD., 3:; 15S7)7 /% Set lensth of flash W/

t.double = adecrot (AD_DOUBLE, 2, 1597); /% Set interval between * /

/ double flashes #* /

/# Initialize various flass */

select = 17

hex = eoga.fin = r_err = l_err = Q7

in_calib = flash = error = crash = rerpeat = single = light_an = looe = O

/# Initialize the exrPected flash valuee for all possible atten— 3+ /

[ gation settings * /

expectedl[O] = 231;

exrectedll1l = 2167

expected{2] = 205;

exrpected[ 3] = 193,

expectedl 4] = 184;

expectedlS] = 179,

expractedlBl] = 172;

expectedl/7] = 1B7¢

expected[B8] = 160,

expectedf8] = 154;

exrPpected[ 101 = 149;

expectedf11] = 1427

exrPectedl 121 = 140;

expectedl 131 = 1337

expected{14] = 132;

exrPrectedli 15]

1257
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/ -ﬁ-%*%%-H-*-H--H-%*-H-%-H--I!-*'-H--ﬁ--ﬁ--ﬂ-%*-ﬂ-%-ﬂ-*%**%******%****%*%*'H'-H-*%-ﬁ-*‘%****_%*%%%**'*%%**%*ﬁﬂ /

. 61 - . 62
expected[168] = 1217 |
expectedl(17] = 115,
expected{18] = 110;
expectedl19) = 94;
expected[20]1 = B2,
expected[21] = 6O5-
expected[22] = 49;
expectedl 23] = 27;
expected[24] = 24,
expectedf25] = 19;
exPrected[28]1 = 167
expected[27] = 12;
expected[ 28] = 10,
expectedl29] = 8
expected[30] = G
expected[31] = O
expectedl[32] = 4;
expected[33]1 = 3-
expected{34] = Z»
expected{35] = 2»
expectedl 381 = 2Z;
expactedi37] = 1:
expected[38] = 17
expected[39] = 1;
exrectedl 401 = 17
end
/*%**%*%%%%%*%***%%#*%**%*%%%#%*****************%**#*%*%***%*****%#*%**%*/
MOVE.ERG  # - | | | | */
7 3% 3¢ 3 30 36 36 35 34 9 3 3 38 34 - 3F 3¢ | | | | N #* /
/% - . ' ' - R Y
/% This routine will cutput the HPGL commands to move the Plotter #*/
/#* pen to the absolute location siven by arsuments X and VY. */
[ # | - | %/
/# THIS ROUTINE CALLS. g | o | 3%/
/ # ~div() - - serial() - %/
/% outrput () | | - | | #*/
/# - | | | | - o o | %* /
[ # GLOBALS. | | %/
/3 none used | - B */
/# ' - ' #/
/% AUTOMATIC LOCALS. | | - | | */
/%  uynsisned short di4] - arrary into which the bcd digits %*/
/ are placed | : o/
/ #* - | | o | #*/
/ % unsianed short step — incrementer for loors - N
/3 | - | | 3t/
[ # unsianed char byte - ASCII value of the disit to be output #/
/% o - | | | %/
/ % ARGUMENTS .. | - | | | | 3/
/# | unsiasned short x.v - absolute location 1o which the Plotter */
/ * - | pen should be moved o | . ¥
/ # | - | | - | */
/% CONSTANTS: - _ ' | - | - 3/
[ none used | | | | o : - ®/
/ 3 - | | %/

movel{xX,y) |
unsianed short Xr Y7

beain -

unsigned short di4l:
unsianed short stef:
unsianed char bvte: _ | | _ _
serial (“PA"): | /% Start of command sequence */
d[1] = div (div (x-. 100, &dL3]), 10, &dL21) 7 /% Convert the x #* /
for (step=37 ster20: step——) o /# co-ordinate to BCD = #*/
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begin
bvte = dlsterl + 48; /% Convert the digit to ASCII #/
output (bvtedsr
end
outeut (', )
df1) = div (div (v, 100, &dJdL31), 10, &JL21): /% Convert the v #*/
for (step=3: sterrQ,y step——) / %# co—ordinate to BCD %* /
besgin | |
bvyte = disterl + 48, /# Conmvert the digit to ASCII »/
outpPut (byte)-
end

end

/%%%%%%%%*%%%%%%%%%%%%%%%%*%%%%%%%%*%%%%%%%%%%%%*%%%%%%%%%%%%%&%%%%%%%%%%/

/3%  UOPENGAR.ERLG 3 it/
/3 3 36 35 36 35 3 35 35 35 34 3 36 36 38 3% */
/ # 3t/
/% This routine will trisster the hardware integration circuitry. #*/
/# oren the shutter for the arprorPriate time, close it, and #* /
/% disable the intesratins circulitry. The shutter may be held * /
/% orPen for any reason by sroundins the test Pin on the side of */
/ 3 the microPprocessor board. 3t/
/ 3 | h */
/% THIS ROUTINE CALLS. - 3/
/ 3 : setbit() resetbit() 3/
/%* delay() i/
/¥ | #* /
/3 GLOBALS. | 3/
/ 3* c.-outl agluvo %/
/ 3 t.g88lvo 3t /
/3 | 3% /
/ 3 AUTOMATILC LOCALS. */
/# none used | 3t/
/3 3+ /
/ 3 ARGUMENTS., it /
/ # none used #* /
/ %/
/ 3 CONSTANTS.: . 3t /
/3 M_GALVO DUT1 i/
/3 OUT.DAC IN3 */
/ # M_H_GALVO P_.OFF */
/ % it/

J 36338 3t 3F 3 36 3 3 3k 36 3 36 3 36 3 3+ 35 3 3 3F 3 36 34 3 34 30 36 36 36 38 3 3E 38 36 38 3F 3b SF 3 34 3 36 3 3 36 3E 3 30 3F 36 3 36 3 S 3 3 IF 3 38 b 34 3F 36 3F 3 I W W3 /

orPpen—_gaalvo ()

begin as
setbit (M_GALVO, &c_outl., OUT1): /% Enable flash integration #*/
out (OQUT_DAC, salvo)y /# 0Open shutter 3+ /
1f (hish)
delay (240): /% Shutter opPenins at hish ¥Frequencies 1is pre- &%/
/ # set to 15.milliseconds 3/
else delay (t_salvo):; /¥ Otherwise, oPen time 15 determineid ¥/
L by the alobal ’‘'t_salvo’ #*/
while (1{in (IN3) & M_H_GALVO}) /3% If test PiIn 1s grounded hold #*/
’ / 3 oren the shutter i+ /
resethit (M_GALYVO, &c_outl, OUT1); /# Disable flash intesration */
out (QUT_DAC, P_OFF); /¥ Close shutter #* /
end

/%%*%*%%%%%%%%%%%%%*%%%%%%%*%%%%%%%*%%%%%%%%**%%%%%%%%%%%%%%%%%%%%%%%%%%%/

/3%  QUTPUT.ERG - - - 3t/
/333 3 3 3k 30 34 30 36 30 3 30 S 3 H | #* /
/ % 3t /
/# This routine Wwill send one bvte to the RS?32 interface uvia the 3%/

[ 3# * B201A communications chie. It will do so only i1f the 8251A #* /
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/ 3 buffer is emPty and the d901ce on the other end uF the RSZSL - #/
A - linKk is ready to receive data._ it/
/ # | */
/ 3 THIS RDUTINE CALLS, #®/
A nothinsg */
/3% s
/# GLDBﬁLsz | | - %/
/ ¥ none used - | 3* /
AN ' - . g ' o %/
/ % | AUTOMATIC LOCALS: */
A - none used #*/
/ﬁ_ _ 3# /
/# ﬁRGUMENTS' | 3 /
/ * unsianed char bvte - character to be sent tu the commun— = 3/
/# - ications ﬂhlP - */
/% ' - ' %/
/ 3 CONSTANTS. #*/
/* - SER_STAT | M_EMPTY */
2 SER_DATA ~ M_READY - , | */
/34 | # /

/-H-%-H-#-ﬂ-*-ﬁ-****%*%*%%*%*#%#*#ﬁ%%%***%%%***'ﬂ'ﬁ"ﬁ-**%%%%*%%**%%%*****%#**-ﬁ-ﬁ--ﬁ'-ﬂ--ﬂ-*-ﬁ-* /

cutPuUut(byte)
unsiasned char b?tﬂr

begin '
while ({i(1n(SER STAT) & M_EMPTY)) il (1(in(SER_.STAT} & M_READY)))
ro /#* Wait until BZ51A is empty and the = = #/
| / * device on the other end of the RSZ3Z2 #/
A, linK 1s ready | #*/

out (SER_ DATﬁr'byte):
end - -

/*%***-H-ﬂ-*-ﬁ-*%-ﬂ--ﬂ--ﬂ-*-ﬂ-*'ﬁ-%-ﬂ--ﬁ'*-ﬂ--ﬂ-%*#****%**%**-ﬂ'%'ﬁ"*-li-*-H"H--ﬂ-**-ﬁ--ﬁ'**%%%%%*%*%**#%%%*%%** /

/[ #* PLOT .ERG * | %/
7 3% 33 35 4536 36 36 36 3 3 3 B 3 ' | o | | o n/
s o | */
/# This routine will digitize the ourPut from the a sisnal averaser 3/
[+ and outpPut the risht and left ERG waveforms to the HP 74704 %/
/¥ - ararhics Plotter via an RS232 link. The B-wave latency and # /
VA, | amplitude are obtained from the input siganal and also | */
/ 3 -~ annotated on the grarh. Note that the plotter is Prosramed * /
/ *# ~ in HP Graephics Lansuase mnemonics. | | S | #* /
g | - g | 3%/
/ 3 THIS ROUTINE CALLS.: | - | | */
/ # ~ serial() move ()} | | #*/
/# - ade() | Print() L | | o #/
/¥ | - - | | | | #/
/3 | GLOBALS. - - #*/
7/ # | t_tria atten : o %/
/% t_galvo - error | | | | . 3 /
FE - _ | - | o | | #* /
/# AUTOMATIC LOCALS. | | | | | */
/ - unsisned short stePr — incrementer for looPrs | */
/¥ unsisned short x — current x—axis value R ; */
/ 3 | unsianed short ¥y - current y—-axis value | */
/3% unsianed short x_.min, v_min - co—oaordinates of the A-wave 3/
Vi | unsisned short x_max, vy.max - co-ordinates of the B-wave #*/
L . I I ' #/
VA ARGUMENTS. | | | | | | - | | #*/
/* | nene used | o | 3/
/% - | | | o | | - ®/
/&% | CONSTANTS. | . o 3*/
/% - ADX | AD.Y | | - #* /
/¥ AD_PEN - _ ) | - | - * /
/% | | | o ; _ | e

J R R I I A H IR R RN B E NS RRRF RS F AR A B RS/



4,618,230 |
67 68
rlot()
beain |
unsianed short step, Xy ¥Yr Y_MinN, 7.MaXs X.min: X_max:
for (step=0; stepsi2; step++)
begain
y.min = 2557
y_max = 07
serial("IN");
seri1al ("\33\5E6\100"); /% Set RS232 handshaKing to pin 20 3t/
serial("SP17;SC0,350,0:300"%)y; /3# Define co-aordinate area %/
mouve (adc(AD. X)), adc(AD_Y)) >
serial("PD"),
while {(adc (AD_PEN) < 100) /% pen down #/

besin /% Digitize and plot pPoints, Keerpinag a #/
¥ = adec (AD.X): /¥ look-out for the A and B waues * /
vy = ade (AD_Y) s
1f (y < y_min)

begin

ymin = ¥

X.mMin = Xz

end
1f (y > v._max)

beain

Y_.MEX = Y-

X_max = X

end

mouve (X, V),
delay (8B00); /#% S0 msec delay to pPrevent the pPlotter butrfer #/

end /3 From Filling ur with repeated Points */
serial ("PU;SPZ2:SM#"); |
move (x_min, v_min): /# Flas A-wave with an asterish 3/
move (X_max, v_max): /¥ Flas B-wawve with an asterisk #*/

serial("PU,SM:r");

mouve {(ZGC., v):

serial("DT rLBlLatency. "): /#% Print the latency and preakh 3%/
print (x_max—(t_trigsr>4)i+1);, / # B—wave ampPlitude | */
serigal{(“LBmsec :CP;LBAmPlitude. ") |

print ((y_max—-v.minl)<i<1l});

serial ("LBuV "}, .

vhile ({adc(AD_PEN)>100) && (adc(AD_PEN)>100) && step==0)

y /% Wait for eplot of the ERG waveform tor the next eve #/
end | '
serial (“PAS,25PD0,25,0,0:20,0,20,5PU25,;0");7 /¥# Record scale 3 /
serial{(“LB20msec PAOC,30LBSCOuy "),

mouve ((t_tris>>4)+1, 36)

serial("PD;PRO,Z219PU;PR3,~-S7LETrigger ") /% Mark when lisht was #/
serial("CS0:;5S5:;DT sSCr"2 s /3 trigasered 3t/
serial("IP0,0,10300,7650")

serial("s8J10.7.,1.0")7%

serial ("SP1;PA13570,7250") |

serial ("LBELECTRORETINOGRAM ") /# Title sraeh 3/
serial("sSpPz2"},; -

serial("SI0.28:0.4");

serial("PAL1200.,.6850%)

serial("LBAttenuation: "“J}r /¥ Print out the stimulating parameters #/
erint (atten) s

sarial("LBdB "),

serial("PAS1S0,.68830");

serial("LEChromatic LEBFiltering. %“):

switch ((c_out2 & Ox38B) »> 3)
begin |
case 7.
serial("LBlhite ")y

breah
case 6.

serial(“LBRed "3},
breakh:
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case S. | '
serial(“LEBlue “)7

hreakry
case J3.

serial (“LBGreen ")7
break:
end )
serial(“PA1200,6550")
serial(“LBFlash LBLensth. %):
Pprint ((t_salvo>>4)+1);
serial("LBmsec "),
serigal("PAS150.,68550")
serial("LBCalibration: ®);
if (error > 3) | '

then serial ("LBError ")/
- else serial("LBD.K. ")~
serial("SpPosr");
end

/**%*************%*%***%*******%%***%*%**%*%#%%***%%**%*%#*%**%**#%*#*%%#/

/% PRINT.ERG * | | #*/
gL 22 LI LT LI Tt L T | | - | - % /
/% ' ' | L ®/
/% This routine wlll outPut three Jigits of the arsument ‘number’ R ¥
/ * to the pPlotter. | #*/
iz | | | | | 3 /
/3 THIS ROUTINE CALLS: | | | | */
/# outpPut () | div() | | | , | #/
/% serial() | . #* /
A o | . . . iy
/ 3 - GLOBALS: | o B | . | | #*/
/ # none used | | */
P . | - _ _. | o . e
/3 - AUTOMATIC LOCALS: | | | | %/
/¥ unsisned short d[4] - arrarv that holds the BCD values of %/
/% ~ the arsument _ ' */
/3% | unsianed short step - incrementer for looPs ¥/
/# unsigned char brte - ASCII digit to be sent to the Flotter * /
/% | L | - S | */
/# . ARGUMENTS. | - - - o - */
/ % unsigned short number - value to be pPrinted | */
/® | | | - - o * /
/ 3 CONSTANTS. - */
/ % o none used ' : ' - | #/
f'ﬂ' . o S */

/*%**%%*%**%%%#%%%*%%#%***%*%*%*%***%%*****%%*#*%%%**%********%%%%**%%*%*/

Printi{number)

unsigned short number;
begsin | |
unsisned shovrt dL{41;
unsiganed short step;
unsianed char bhvrte;

serial("LB"); /% Jutput mnemonic to start Printing labels # /
df1] = div (div (number, 100, &dL[31), 10, &IL[2]); |
for (ster=3; step>0; stepP——) |
begin /% Print 3 disits - %/
byte = dlster] + 48r | '
outrPut (bvte):
end .
output ¢’ ‘)3 - -
end | | | |

/%**%%%****%************%%*#%*%**%**%*%%**%*%*%******%%%*%**%%**%**%*%#%*/

/#% RESETB.ERG = | | | * /
AAS ST LIl I = | | . | | - #/
/ # %/

/% This routine resets the bits indicated by the'aréument *bit-mask". */
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to hiah: since all output pPoOorts use nesagtive logic., The
status of the pPort 1s maintained in the arPropPriate alobal
&c..out.

THIS ROUTINE CALLS.
nothinsgs

GLOBALLS.
none used

AUTOMATIC LOCALS:
none used

ARGUMENTS ..
unsigsned short bit_mask — pPositive logsic mashk uwhich
indicates which bits are to be
reset
unsiganed short #c_out = pPointer to the variable that Keees
tracK of output FPOTrt status
unsigned short port - outpPut POt
CONSTANTS.

none wused

SRR R R I I I RS H RN AN W AW IS

resethit (bit_mask, c_ouUtr POTYL)
unsiagned short bit_mash, #c_out, PoTt:

/ ¥

begin |
¥p_out t= bit_mask;
out (Port, *c..0uUt) >
end

/% Chanae putPut status alobal
/3% Resaet bits

VR E LD L2 P XL

This routine is usually called by hardware to Pperform one flash

sequence as determined by the value of seuveral slobal
yariables, First a chechk 1s made if the flash light source 1s

onr and 3if not, it is turned on and there is a delay of ‘one
second to allow the lisht source to warm ue, The Troutine
smode i1s called to determine the current status of the control
panel. If the rate ,is ‘low’ or ‘double’, then 3 pre—~trigsger
PUlse 1is sent.
The eneray of the flash is measured, and if it is not as
expected, the ‘QUT OF CALIBRATIONY lisht is turned on.

If the rate 15 ‘double’ then a second flash is performed.

THIS ROUTINE CALLS.

sethit() resethit()
delav() smode ()
adc ()

GLOBALS.
c.outl liaht_on
time single
low | hish
Joub l t-tris
b..flash tflash
t-Flashi] f.exrect
expPpectedl ] atten
b_backh t.salwvo
range l_ranse
error t_double
crash

The shutter is orened by calline open_galuvo ().

/33t 36 34 35 36 36 35 35 38 35 3 35 36 34 35 35 3 3 3 30 3 36 30 36 3 36 35 36 3 35 3 3 35 3 A 35 36 35 35 34 3F 3F 3 35 20 3 36 30 3 35 2 38 36 3 36 3 3 3 3 30 96 35 3 2 3 I 38 34 4034 3¢ /
RETES .ERG ¢ |
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/ # AUTOMATIC LOCALS. . : | | */
/3 none used o - - | | */
/ % _ ' | o | 3%/
/ % ARGUMENTS . . . i | o 3/
A none used | - %/
/¥ | | | ) . | 3t/
e CONSTANTS.: S - - o w/
/ 3 M_RSTES | ouTl - f | %/
/¥ M_LIGHT M_.TRIG . | | | 3/
YA AD_FLASH - AD._BACK | . */
/# M_OUT - CAL . . | , | %/
/% | ) | | * /
_/%%%%*%%*%%%%*%%**%%%%%%*%*%****%**%**%%*%%*%%%****%ﬁ%*%%%%#%**%*%%%%%%%%/
rstB85 ()
- begin | | | |
setbit (M_RSTES, &c.outl, OUT1)» /# Hardware flas to indicate the #/
| /# interuPt has been entered 3*/
if (t(liaht.on)) '
begin /% Flash light source is not on | #*/
sethbit (M_LIGHT. &c..outl, OQUT1): | | .
delay (1iB00O); /% Wait for 1 second to allow flash lisht */
light_on = 17 /# source to warm ufP o | - #/
end |
time = O /% Reset time since last flash #/
if (single == 1) /% Indicate that sinsle flash is beins Processed #*/
 sinale = 27 | |
low = hish = doubl = O
smode ()7 '
switch (mode) /* Set variables -according to the readins of - #/
besin / % the RATE switch on the control Panel #*/
case 21 o o
hish = 1%
break:;
case 1.
doubl = 1;
break:
default: i
- low = 15
break?
- -and
if (doubl I low) /# Output Pre—trigger Pulse #/
begin | -

gaetbit (M_TRIG:. &c_outl, OUT1):
delay (t_trig)l;, o |
‘resetbhit (M_TRIG, &c_outl, 0OUT1),
end - -

‘orPen.galvo () - /# Open gsalvanometer shutter 3/

if ({{hish && rereat))

| begin -
b_fIash = adc (AD_FLASH!: o o
flash = t_flashl{b.flashl; /# Find calibrated value of flash */

/% Find exrected value of flash, that is corrected - */
/¥ accordina to backsround irradiance and lensth of flash 3#/
- f_expPect = (expectedlatten] - b_back) # (t_salvo >} 43y / 20; N
/#* Find allowable ranse of error #* /
ranae = ((expectedlatten] + b_.back) >> 3 Y + 37 |
/% Make sure lower range is not nesative - */

l_ranase = f_expect — ranse; -
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1f (l_range < O} l_range = 0O
1f ((b_flash <= f_exrpect + range) && (b_flash >= l_ranse))
error = 0O, /¥ No error 3*/
else error += 1. /% Error detected 3¢/
end

if ((ervor > 3) && (thish})
setbit (M_OUT_CAL, &c_outl, OUT1):; /% IFf three errors in a row #/

/¥ then turn on OUT OF CALIBRATION light i/
else resetbit (M_OUT_CAL ., &c.outl, OUT1),

1f (doubl)} /% If rate is double then perform one more flash 3t/
begain
delay (t_double):

oren-galvo (1),

end
i1f {(erash) /% Restore ADC buffer to contain a 3 /
ade (AD_BACK), / # backaround reading i /
resetbit (M_RST6S, &c_.outl, OUT1} -, /#* Reset hardware t+las % /

end

/ 3 36 36 3t 3 36 35 3 3 35 3F IF 3 3 36 34 35 35 36 36 34 35 35 36 35 35 36 30 45 34 3 36 3 3 34 36 36 35 2 35 3 36 30 34 b 36 3 36 35 40 34 35 3 36 36 30 30 34 45 3 3 3034 S 33 943836 /

/% RST75S.ERG # 3/
[ 33 3 3 3 3 3 3 30 3 34 3438 i/
/ 3 * /
/% This routine will turn on the oscillatinag LEDs used for the EOG 3/
/3 test and measure the riaht and left amelitudes obtained fFor i /
/ 3# S ecvcles.,. An attemet is made to fFind 3 amelitudes which are % /
/3 close togsether, the averagse of which is stored as the amplitude 3/
/# For that minute. If the attempPt fails for the risht eve then 3/
/% r_err 1s set to 3y and if the attempt tails for the left eve 3 /
/¥ then l_err 1s set to 3. 3/
/3 #/
/ # THIS ROUTINE CALLS. % /
/ 3 sathit () resetbit () %/
/ # ampPlit () diserr() * /
/% displav() 3 /
/3t i , #* /
/% GLOBALS. #* /
/¥ minutes c..outl * /
/ #* eoaa_al21L311] r_err | i I Y
[ 3# l.err W/
/ % | 3,/
/3 AUTOMATIC LOCALS. | 3¥*
/3 unsigned short eve - evye that 1s beins Processed 3%/
/ ¥# unsianed short ster, bill - incrementers for loors 3t/
/¥ unsigned short count - number of valid ameplitudes found #*/
/% unsisned short rfinished — pPositive logic flas to indicate #* /
/# | 1f 3 valid ameplitudes have been 3/
/% . Found i+ /
/% unsianed short total - total used to find averases | */
/¥ unsigned short deviation - deviation from other ameplitudes 3/
/3 #* /
/ 3 . ARGUMENTS . 3 /
/#* none used | 3t/
/ 3/
/3 CONSTANTS. . | 3 /
/ ¥# M.SEQG M_DEDG | 3 /
/3 M_CEOGQG OUT! 3/
/3 INI1 ING 3/
f% %/

J 3+ 3 3F 3036 38 3 36 30 3 3b 3 3 325 36 3F 36 3F 3 34 36 3F 3t 36 35 36 35 3 36 36 3 34 30 3F 3F 34 35 34 3F 36 36 36 3 44 3 36 34 36 3 3 36 3 33 36 SEIE 3 3F I 3H 3 34 3 3 3 333/

rst/79()
beain
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unsisned short eve, ster, count, bill, finished, total, deviation;

unsigned short amel(2]L[B]1;
minutes += 1; | - | -
1f (minutes>100) minutes = 07  /# First time rst75() is called
setbit(M_SEOG, &c_outl, OUT1); /# Turn aon EOG lishts |
For (step=1} stepiB’ step++) | - | - |
1f (1 (in(IN1) & M_DEOG))
~ besin
while ('tln(INS) & M_ CEDG) )

r /# Wait for Positive EDG syYne
amplit (&ampfLOlLsterl, &amepi{i1llsterl)! .
if (roerr>0 |1 l_err>0)

then diserr():

else 1f (in (IN1) & M DISPLAY)

then displary (amp[OJClsterl); /% Displavy ampli-

' else display (amp[1llsterl); /%  tude if no
while (i1n(IN3) & M_CEODG) /% error -

v /% KWait for EOG svne to g0 down asain
| end | | -
resetbit (M_SEO0G, &c_outl. DUTI): /% Turn oFP EOJG lights
1f ({{in(IN1) & M_DEQGG)) | | | |
hegin |

for (eve=0; evel{Z; eve++) /¥* For each eve
beain o -
finished
step = 35,
while (!1finished)

beain | | /* Starting with the back ualuesr Flnd

O-

total = amplevellsterl; /# at least 3 ameplitudes that

count = 17 | /% are close togsether

for (bills= step-lr bill>0: bill--)
besin

if (amplevellster]

then deviation

else deviation

1f (deviation < 50)
begin

count += 1; '

~total += amrelevellbilll;

“ 4

» amplevellbilll)

u n

end
end
if (count >= 3} - | - |
then /% ﬂt least 3 amplitudes found */
" begin | | o
eog.. a[eyeltmlnutesl = tntal/cnunt, /% Find = #/
1f (eoa_alevellminutes] i= O} /% averase #/
if (minutes <= 195) - |
then /% Find the min. dJark amprlitude *{
begin |
if (eogs.aleveliminutes] < min. ens[eve])
min.eoalevel = eos_aleveliminutes]l:
end | | | |
- /% Find the max. lisht amplitude #/
else if (eos_._alevellminutesl > max.eogalevel)
- max_eoalevel = eoa_alevellminutes]:; |
finished = 17; | | |
end
else 1f (step = 3) | .
| then - /% Amplitudes not close %/
besin | / 3 enoush */
iFf (eve==0)
then r_ervr = 37
else l_err = 3;

finished ~= 1,
end
glse

"y

*/

amplevellster] -~ amptave]tbiil]?
amplevellbill] - amplevellster];
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beai1n
step——;
1f (eve==0)
then r.errt = 0,
else l_err = Oy
end
end

enrd
end
end

'/%%%%%%*%%%%*%%%%%%#%%%%%%%%%%%%%%%#%%%%%#%%%%%%%%%%%%%%%%%%%%%%%%%#%%%#%/

/% SERIAL.ERG */
/34 3 3 3 3 34 3 36 35 36 3 36 3¢ 2 34 3 - %/
/% | 3/
/#% This routine will send the string ’'#¥messagse’ to the plotter via 3t /
/% the RS232 link. 3*/
/¥ 3/
/3 THIS ROUTINE CALLS. #* /
/¥ odtPut () it/
/# %* /
/% GLOBALS. #/
/% none used 3+ /
/ # | it /
/3 AUTOMATIC LOCALS. 3/
/ 3 unsisned short step - incrementer For looPrs 3/
/3 3/
/% ARGUMENTS . #*/
/% unsianed char #messase — pPointer to the strins to be 3/
/ * sent o the plotter 3t/
/3 % /
/3 CONSTANTS.C #* /
/% none used 3% /
/% */

/%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%#%%%%%%%%%%%%%%%%%/

serjial {message)

unsisned char *messaaser

begin

unsianed short stee;

step = O

while (messagselsterl]l = ‘\N07) /% Send the string to the routine 3t /

hbegin /3t outPut{() one character at a %/

putPut (messagseflsterl):; / 3 time . %/
ster++t,

o end
end

/**%%%%%%%**%%%%%*%*%%%%%%%%%*%%%%%%%*%%%%%%%%%%%%*%%%%%%%%%%%%%%%%%%%%%%/

/# SETBIT.ERG it /
/ 363k 3k 363 38 340 34 34 34 3 34 3 38 3¢ | * /
FE:: as */
/% This routine sets the bits indicated by the arsument ‘bit.masi’ it /
/# to low, since all the outPut FoOoTrts use nesgative logic. The #*/
/3 status of the port is maintained in the aepropriate global it/
/ ¥ &ec..out. i /
/ 3 #* /
/ * THIS ROUTINE CALLS. * 3/
/ 3 nothins ¥/
/% 3/
/ 3 GLOBALS. %/
/ * none used 3/
/ # | */
[ #* AUTOMATIC LOCALS. 3t/
[ 3 none used 3t /
IE: 3+ /
/3 ARGUMENTS . | | 3% /
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/ % ~unsigned short bit_.mask ~ pPositive logic masK which - */
/ 3* | - | . . indicates which bits are to be */
/% : o | . set - 3% /
/ ¥ | unsisned short #c_out — Pointer to the variable that Heeprs #/
/ % o ‘track of outPput PoOTt Status Y
/3 unsisned short Port — outPut POTt o | 3%/
/% ' ' - _ S #*/
/ % CONSTANTS: ' | - | %/
/3 ‘none used - _ | "y
/ % | Y

S I A I H IR F MR F R R F R RN R A BRI NRS S

- sethit (bit_mask. c_out, PoOrt)

unsigned short bit.mask, s3tc.out, Port:
begin . '
#c_out &= “bit.mask:
out (PoTt., #C_.OUL):
end

/% Chanse outPut status slobal S */'
/% Set bits - : - #/

EZ TR LT R L TR Ry Y Y Y L L L L L L TR g e ey

/*%%%%%%*%*%*%%*%****%****%**%*%%*%***%%*%*##*#%%%%**%%%%%%#%%%**%%*%%#%%/

/% SMODE .ERG 3 | | | | | - #®/
JET- LT T2 LT Y YR ' */
/% _ - | %/
/# This routine reads most of the control Panel switches and also */
A takes care of a few houseKeerping items. It reads the thumb- #*/
/ * wheel attenuation switch and sets the gslobal ‘salve’ to the %/
/ % ~desire shutter orPenina. The ‘sinsgsle’ switch is read to see S/
/ #* if a singsle flash sequence is desired. The backsround switch %/
/ # is read and the bacKaround lisht set accordinsly. The rate %/
/3 switch is read to determine the mode of orperation. The repeat #/
/ switch is checKed and also the chromatic filter switch is- read #*/
/3 and the appropriate filters are set. This routine also turns #/
/# off the flash lisht source if about 5 minutes has Passed. o/
/ ¥ | */
/ * THIS ROUTINE CALLS: */
/ # | resetbit() setbit() 3/
/# | % /
/#* GLOBALS: | 3 /
/ % ‘time | lisht.on = %*/
/ # c.outl . t humb */
/ #* bedl ] atten */
/ # aglvo | t_calll #*/
/% single | | mode */
/ * rereat c.out? */
/ 3* cC.Out3 - #*/
/ % | 3/
/¥ - AUTOMATIC LOCALS. | | 3t /
/ ¥ unsigsned short sherry ~ incrementing variable for looes */
/ % - | ' 3/
/ 3 ARGUMENTS. %/
/# none used ¥* /
/3 a | - £/
/ CONSTANTS: | | 3 /
/¥ M_LIGHT | - QuUT1 3%/
/ 3 INZ ~INS */
/ ¥* M_SINGLE | M_DBACK * /
/ * M_SBACK IN1 | 3% /
/¥ M_MODE M_.INTER */
/ M_REPEAT F_.OFF %/
/ F_HIGH | F. . LOK */
/ ¥* - guT1 - PUT2 %/
/ * M_CHROM puT3 */
/% * /
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smode ()

begin

unsianed short sherry;

time += 17

if (time > 32000 && liaht.on)

besin /# Trme to switch off flash lisht #/
resetbhit (M_LIGHT, &c.outl, OUT1), /% spurce %/
light_on = 0Oy

end

thumb = ~“(in (IN2})) & OxFF: /# Read thumbwheel attenuation switch #/
bedl 11 thumb & OxOF -
becdC2] thumb >> 4;

atten = 0y

for (sharry = 2! sherry » 07 -—sherry) /# Convert the BCD to binarvy #/
atten = {(atten << 1) + (atten << 3) + bcdlsherrvl:

atten &= OxFF.;
if (atten > 40}

then
begailn
atten = 40; /# Do not allow the attenuation to be sreater #/
aalvo = 0; / 3 than 40 dE it/
end

else galvo = t_callfattenl]y /3% Get calibrated shutter orPenins */

if (1 (in(IN3) & M_SINGLE)) /¥ Chect 1f ¥Front panel sinsle switch % /

besin S # 15 held #*/
if (single = &)
single = 1
end
else single = Oy
if (in(IN3) & M_DBACK) /# Read bacKaround lisht swittch and set i/
resetbit (M_SBACK, &c.out3, QUT3) /% or reset the ligsht i/
elcse spthit (M_SBACK:. &c.out3d, OUT3) ;s /#+ accordinsly #* /

mode = {(in(IN1) & M_MODE) >> Z: /% Read the rate switch on contrl 3/

c.outl &= “"M_INTER: /# panel %/
if (in (IN1) & M_REPEAT) /¥ Repeat switch is off 4/
hegin |
coutl = F_OFF;
repeat = 07
end
else
besin
repeat = 1,
if (mode == 2) /% Find desired interuptinsg #* /
coutl = F_HIGH> / 3 frequency 3t/
else c_outl = F_LOW,
end
out (OUT1, c_outl);, /# Set hardware interrTupt sequence 3* /
c.out?2 &= TOx38-~ /% 88t chromatic fliters 3/
c_out? I= (in (IN1} & M_.CHROM) >> 1;

out (OUTZ2, c._outl) s

end

/-ﬂ--ﬁ--ﬁ-%-ﬂ'%%-ﬁ-%-ﬂ-%%%%%%%%%%-ﬂ-%%%%%-ﬁ--ﬁ-ﬁ-%%%%%%%%%%%%%%%%%%ﬂﬁ-%-ﬁ--ﬂ-%-ﬁ-%%%%%%*%%%%%-ﬂ-%%%%-ﬁ-% /

/* TRAP.ERG 3 | ¥*/
[ 33363 33 33 3 3SR 3 % /
/% 3/
/% This interupt is not used by the ERG Prosram. 3+ /
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/%%#**%*%*%***%************%**%**%****ﬁ#%***%%*****%***“4*%**#******%**%*/'

trar ()
begain
end

/*%***%*%**%*%*ﬁ****%%*#**%***%***%*****%*%**%*****#******%********%**%**/

/# HDRERG.8 *

IR T 2T T T RY
e | | |

/% This routine is used by the Whitesmith 'C’ compPiler to place all
/# the compiled ‘C‘’ proarams into their arpPropPriate machine |

/ langsuagse locations for the Intel 8085 microrrocessor. It sets
/ 3 uP the stacKk pPointer, and saves and restores the status of

/ 3 the Processor durins 1nterupts. This routine &lso rlaces the
VL two look—up tables for calibratina the bacKsround 1rradzance

_/*  and. flas

h enersy directly into EPRDM memory.

/*%%%*%%%********%%***%%%*%%%%%**%**%%%**%%%%**%%%*%%*%*%#***%%**##*ﬁ%***/

stack §= Oxasoo
Sim.

S JLOxlel
tre. |

Ox3e,0x19,0x30
Jmpe startup

call ereserve

call _trar

, = JLOx9)
re.5. |

L= JLOx11
r/7.

N oo

Tet

call preserve
call _rstS
ret"

call pPreserve
call _rst75

‘ret

. = .L[Ox1]

bdata.

/% LooK- -up table to translate bacKkaround ADC readinSS */
/ # to microwatts/cm.cm starts at 44 (hex)

'“\0\150\31\180\51\180\11¢\180\143\180“

"N14N\Z260\17\260\22\260\24\260\27\260"
"N32\260\34\260\37\260\42\280\44\ 260"
"NE7\2680\52\260\33\260\60\260\63\260"

"NEBO\ZBON70NZB0ON7/3\Z260\76\260\101\260"
"\N104\260\110\260\113\2BO\116\260\121\260"
"\N124\260\127\260\133\260\136\260\141\260"

"\12\320\12\320\13\320\13\320\13\320"
“\14\320\14\320\15\320\15\320\15\320"
"\16\320\168\320\16\320\17\320\17\320"
"\Z0\320\20\320\20\320\21\320\21\320"
“\22\320\22\320\22\320\23\320\23\320"
"\24\320\24\320\25\320\25\320\26\320"

“\2B\320\27\320\27\320\30\320\30\320"
"\31\320\31\320\32\320\32\320\33\320"

“\N33\320\34\320\34\320\35\320\35\320"

“"\N36\320\36\320\37\3Z0\40\320\40\320"°
"\N41\320\41\320\42\320\43\320\43\320"

“\44\320\45\320\45\320\46\320\47\320"

"“\47\320\50\320\51\320\52\320\52\320"
"\S3\320\34\320\53\320\55\320\56\320"

H\S7\320\80\320\61\320\62\320\62\320"
“\B83\320\64\320\65\320\66\320\67\320"

"\70\320\71\320\72\320\73\320\74\320"

"\ 7S5\320\768\320\77\320\100\320\102\320" )

"\103\320\104\320\105\320\106\320\110\320"

"N 111\320\112\320\113\320\115\320\116\320"
CU\1Z20\320\121\320\123\320\124\320\126\320"
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"N127\320\36\Z60N101N\Z260\N12\JZ20\N16\3Z20"
"NZ22A\320\26\3Z20\32\320\365\320\43\3:0"
"NSO\N3Z20\55\320\62\320\67\320\74\320"
“NVIOZA3Z20N110\320\116\320\124\320\133\320"
"N141IN320N\12\340\13\340\14\340\15\340"
“N16\340\1B6\340\17\340\20\340\21\340"
“"NZ22\340\23\340\24\340\25\340\27\340"
“\N30\340\31\340\32\340\34\340\35\340"
"\N37\340\40\340\42\340\44\340\46\340"
"\N47\340\31\340\04\340\06\340\60\340"
"\NG3\340\65\340\70\340\73\340\/6\340"
"\N101\340\100\340\110\340\114\340\120\340"
"N125\340\132\340\13/\340\144\340\152\340"
"N1I61\340\170\340\200\340\210\340\221\340"
"\NZ33B\340\246\340\263\340\301\340\320\340"
"\N342Z2\340\366\340\150\341\50\341\110\341"
"N106\341\234\341\3E0\341\36\342\176\342"
"NZ\343\302\343\366\344\61\347\300\354"
"N303\22\76G\2Z21\16\GB2\143\260\152\265"
"N133\266\307\114\347\33\331\161\234\170"

"ANSO/NTI0NZ72\361N213\170\42\363\142\127"
“N3Z27NZ200\43\371N116N\73\341\160\Z0\Z52"

"N344\330\20\3\V116\C1\23\114\3Z6\153"

"\364\210"
/3% LookK-ur table to translate flash ADC readinss 3t/
/¥ t0 microdoules/cm.cm starts at 245 (hex) */

“\O\1B0\1\160\1\16B0\2\160\2\160"

“\3\1B0\3\1G60\4\160\4\160\5\160"

“\S5\1B0\68\160\6\160\7\160\10\160"

“\N10\1B0\11\1i60\11\160\11\1B0\12\160"
"\12\160\13\160\13\1680\14\160\14\160"
"\15\160\15\160\16\160\16\160\17\160"
“\N17\1B0\20\160\20\1B80\20\+B0\21\160*"
“\21\160\22\160\22\160\23\160\23\160"
"\23\1B0\24\160\24\180\25\1680\25\160"
"\25\1B80\26\160\26\1B0\27\1680\27\160"
"\27\1B60\30\160\30\160\31\1680\31\1680"
"\31\160\32\160\32\160\32\160\33\160"
"\33\160\33\160\34\1680\34\160\35\160"
"\ 35\160\35\160\36\160\36\160\36\160"
"\37\160\37\1680\37\160\40\160\40\160"
"\40\160\41\160\41\160\41\160\42\160"
"“\42\160\42\180\43\160\43\160\43\1680"
"\N43\180\44\160\44\160\44\160\45\160"

“N40N1B60\40\160\46\160\46\160\46\160"
"N4B\N160N\47\160N\47/\160\47\160\50\160"

"ASON1IB60N\S0N160\50\160\51\160\51\1680"
"NO1\160A\SINIBONSZ2N160\52\1680\52\160"
"NO3N1B0\O3\1I60\O3\160\33\160\54\160"
"\54\160\34\160\54\160\55\160\55\160"
"NoS\180\Z268\160\41\160\55\160\70\160"
"N103N160N117N1I60N133NV160N12Z2\260\13\260"
"N13\ZBO0N1B\Z60N\N17\260\20\2B0\22\260"
"NZ23NZBONZ4NZ60N\2D\260\27\260\30\ 260"
"N3INZ2B80N\J3NZE0N\34N\Z260\3A260\37\260"
"NAONZ60N\41\260\43\2B0\44\250\435\260"
"N47\260\00\260\52\260\53\2680\550\260"
"NOBNZG0ND7\ZE0N\EINZ260\BZ\260\64\260"
"A\BS\ZB0\EB7\260\70\2680\72\260\73\260"
"N70\260\77\Z260\ 100 \Z60\102\260\103\ 260"
"N10O\Z60\106\Z60N\110\Z260\112\E60\113\Z60"

"N11ON\Z60N116NZ260N120N\260\122\260\123\260"
“"N129\260\127\260\130\260\132\260\134\260"

"\N130\ZB0N137\Z60\141\260\143\260\12\320"
"NIZNBZON1Z2\BZ0NI3N3Z0\V13\3Z20N\13\320"

“N1I3\320\13\320\13\320\14\320\14\320"
"NI4NZEL0N1I4N3E0N14\320\10\320N\13\320"
"N1I0N3ZONIONEZ0N1I3\FZ0N1IDN\N3Z20\16\320"
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U\ 1B8\320\16\320\16\320\16\320\17\320"
"\17\320\17\320\17\320\17\320\17\320"
M\20\320\20\320\20\320\20\320\20\320"
"\NZI\320\21\320\21\320\21\320\21\320"

89

"\22\320\22\320\22\320\22

90

N320\22\320"

“\23\320\23\320\23\320\23\320\23\320"
"\24\320\24\320\24\320\24\320\24\320"
"\25\320\25\320\25\320\25\320\25\320"
"\26\320\26\320\26\320\26 \370\"7\320“

i \ﬁ?\slﬂo "
« += J[Ox11 | |
startur. sP = &stack
e1r
~ecall _main
hlt -
e
/%
/#*
/%
J#
/ 3
presevrve. hl (> *sp
hl => sp
de =2 sp
=> sp

be

We claim:

1. A visual stimulator, comprising:

light directing means for directing light from a light
source 1nto a subject’s eyes;

attenuator means for selectably attenuating said light
source; |

- photo-detector means for producmg a first output

signal representative of the radiant energy directed

~onto the subject’s eyes; and -

signal processing means for receiving and processing
said first output signal to derive therefrom further
output signals representative of the radiometric or

‘photometric characteristics of said radiant energy;

said attenuator means including:

() a first shutter leaf affixed to a first galvanometer

shaft; and,
(b) a second shutter leaf affixed to a second galva-
nometer shaft;

wherein said shutter leaves are positioned for pivotal

movement with said galvanometer shafts to attenuate
light from said light source passing between said shutter
~ leaves.

- 2. A visual stimulator as defined in claim 1, further
comprising attenuation control means for selectably
varying current signals applied to said galvanometers to
 selectably pivot said shutter leaves, thereby seleetably
varying said attenuation.

3. A visual stimulator as defined in claim 2, further

cempnsm g:

(a) a first notch mn said first shutter leaf; and,

(b) a second notch 1n said second shutter leaf; wherein
said shutter leaves are positioned to define a llght
attenuating aperture between said notches.

4. A visual stimulator as defined in claim 3, wherein
said shutter leaves and notches are positioned such that
pivotal movement of said shutter leaves varies the area
of said aperture, thereby varying said attenuation.

5. A visual stimulator as defined in claim 4, wherein

said notches are shaped such that the area of said aper-
ture varies in proportion to the exponential of the dis- -

- tance between said leaves.
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Pprocedures to save & restore the volatile C environment
during interruprt service.these routines

are reentrantu

/% save reas & move ret addr #*/

6. A visual stimulator as defined in claim 2, wherein
said attentuation control means enables repeated appli-
cation of selectably variable current signals to said gal-
vanometers, thereby interrupting and selectably attenu-
ating said light source. | |

7. A visual stimulator, comprising:

light directing means for directing light from a light

source into a subject’s eyes; - |
attenuator means for selectably attenuatlng said light
source; - N
photo-detector means for producing a first output
signal representative of the radiant energy directed
onto the subject’s eyes; and |
signal processing means for receiving and processing
said first output signal to derive therefrom further
output signals representative of the radiometric or
photometric characteristics of said radiant energy,
~including a second output signal representative of
the hight flux at said photo-detector means, and
wherein said signal processing means compares
said second output signal with a calibration signal
- representative of the light flux expected from said
light source and produce an alarm signal if said
signals differ by more than a pre-selected amount.
8. A visual stimulator as defined in claim 7, wherein

said signal processing means callbrates said attenuator- |

means by:

(a) seleetlng an initial attenuation settlng of said atten- :
uator means; |

(b) aetlvatmg said light source;

(c) comparing said second output s:gnal with said
calibration signal; -

(d) if said signals differ by no more than a preselected
amount, storing said attenuation setting, selecting
the next sequential attenuation setting of said atten-
uator means and returning to step (b); and, |

(e) if said signals differ by more than a preselected'
amount, selecting the next sequential attenuation

setting of said attenuator means and returning to
step (b).
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